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ABSTRACT
An analysis of pan evaporation by synoptic weather 
types revealed that pan evaporation rates vary signif­
icantly by weather type conditions. Fair weather types 
are associated with the greatest evaporation rates as 
was expected, and stormy weather types with the least. 
These findings are primarily related to the variation of 
solar radiation by weather type.
An investigation of the relationship of pan 
evaporation to solar radiation by synoptic weather types 
revealed that the ratio of pan evaporation, expressed in 
energy units, to incoming solar radiation, also varies 
considerably by synoptic weather types. In general it 
was found that stormy weather types are associated with 
the highest ratios of pan evaporation to solar 
radiation. Fair weather types are associated with lower 
ratios, with Continental High situations resulting in 
the lowest ratios of pan evaporation to solar radiation 
in general.
An evaluation of potential evapotranspiration 
models by synoptic weather types revealed that models 
perform differently for varying weather type conditions.
xv
For example, temperature based models perform well 
during stormy weather conditions since they are 
unaffected by low levels of solar radiation, but do not 
perform as well for fair weather conditions. Models 
based on solar radiation perform well during fair 
weather, but performance is reduced when stormy weather 
conditions prevail.
The results of this research have increased 
understanding of the variability of evaporation under 
different weather conditions and the variability of 
potential evapotranspiration model performance under 
varying weather conditions. Further research of the 
variability of pan evaporation and evapotranspiration by 
synoptic weather types will lead to improved potential 
evapotranspiration model evaluation, will aid potential 
evapotranspiration model' selection and application and 
will permit potential evapotranspiration model 





Climatologists have developed many approaches to 
investigate the effects of climatic elements on various 
weather-sensitive environmental and human variables. 
These approaches utilize a variety of procedures to 
develop predictive or explanatory models. Synoptic 
climatology represents a viable approach to the 
development of these models.
Synoptic methods classify meteorological elements 
by weather or air mass type (Kalkstein, 1980). An air 
mass is "an extensive body of air with more or less 
uniform conditions of temperature, moisture content and 
lapse rate in a horizontal plane" (Barry and Perry, 
1973). This definition suggests that an air mass is a 
spatial unit exhibiting distinct climatic 
characteristics (Kalkstein, 1980).
One of the main advantages of synoptic 
classifications is that they are holistic in nature, 
which permits representation of several meteorological 
factors as a unit. Thus, synoptic weather
1
2
classifications may be utilized to form an environmental 
baseline that can be applied to a wide variety of 
applications (Muller and Willis, 1983).
Barry and Perry in 1973 wrote a well known text 
that outlined several methods and applications of 
synoptic weather type classifications. Since the work 
of Barry and Perry various synoptic classifications have 
been developed and applied to several applications such 
as forest fires (Brotak and Reifsnyder, 1977), pollen 
outbreaks (Jackson, 1983), and air pollution (Corrigan,- 
1983, Muller and Jackson, 1985). One potentially useful 
employment of synoptic weather types is the estimation 
of evaporation rates.
Evaporation is defined as the process by which a 
liquid or a solid (sublimation) is changed into a gas. 
The process involves the weakening of the molecular 
bonds of water, with the water molecules moving further 
apart as each molecule is energized by increases in 
temperature. The result is a net movement of water 
vapor molecules from the evaporating surface into the 
overlying air. For evaporation to occur three physical 
requirements must exist: 1), a supply of heat must be
available to start the process; 2), the vapor pressure 
of the overlying air must be less than that of the
3
evaporating surface; and 3), water must continue to be 
available for evaporation. Evaporation through its 
latent heat/ represents a significant energy and mass 
transfer from the surface of the earth to the 
atmosphere, and is subsequently an important component 
of the earth's energy balance.
In combination with evaporation, transpiration from 
plants also represents a major water loss from the 
earth's surface. When a ground surface is completely 
covered by vegetation, the principal water loss is by 
transpiration. The combination of evaporation and 
transpiration is termed evapotranspiration. This 
represents the net water loss from a surface.
A term utilized to further describe water losses 
from the surface of the earth is potential 
evapotranspiration (PE). The concept of PE was first 
defined by C.W. Thornthwaite (1944) as "water loss which 
will occur if at no time there is a deficiency of water 
for use by vegetation." Penman later redefined PE as 
"the amount of water transpired in a unit time by a 
short green crop completely shading the ground of 
uniform height and never short of water" (Penman, 1956). 
More recently, van Bavel stated that PE can be defined 
by "any situation in terms of the appropriate
4
meteorological variables and the radiative and 
aerodynamic properties of the surface. When the surface 
is wet and imposes no restriction upon the flow of water 
vapor, the potential value is reached" (van Bavel,
1966). The main factors included in each of these 
definitions are a uniform surface of vegetation and a 
constant supply of water.
The concept of PE has proved to be useful in 
agriculture and hydrology. For example, 
agriculturalists interested in irrigation use PE 
estimates in planning their operations, whereas in areas 
where urbanization has increased, the concept of PE is 
useful in assessing available water supplies from a 
drainage basin (Bordne and McGuiness, 1973).
The direct measurement of PE is difficult and 
therefore several methods have been developed to make PE 
estimates. The various methods have increased 
understanding of evaporation processes, but they have 
not necessarily increased the accuracy and reliability 
of evaporation estimates (Cunningham, 1973). This 
problem is possibly due to the fact that there are 
several interacting climatological factors which affect 
the evaporation process, especially solar radiation, 
wind speed, and humidity. These factors combine to
5
produce complex heat and moisture exchanges which are 
difficult to estimate
The objectives of this dissertation are to: 1),
define the relationships between synoptic weather types 
and evaporation rates in southern Louisiana; 2), to 
examine the relationship of pan evaporation to solar 
radiation by synoptic weather types; and 3), to employ 
synoptic weather types in the evaluation of existing 
potential evapotranspiration models.
Solar radiation is considered by many to be the 
most important climatic factor involved in the 
evaporation process. In 1977 Borengasser carried out an 
investigation to determine the relationship between 
solar radiation and synoptic weather types (Muller and 
Willis, 1983). Borengasser used data for Lake Charles, 
Louisiana, and found very distinct relationships through 
his research. Figure 1.1 illustrates annual regimes of 
mean daily solar radiation for five synoptic weather 
types; Continental High (CH), Coastal Return (CR), Gulf 
Return (GR), Frontal Gulf Return (FGR) and Frontal 
Overrunning (FOR). If insolation varies by weather type 
as Borengasser found, then evaporation rates should also 
vary in a similar manner since solar radiation is 
generally considered to be the most important factor
Figure 1.1; Mean Daily Solar Radiation by Synoptic Weather Type 
at Lake Charles, Louisiana, 1963-1973 (data from 
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affecting evaporation. A preliminary investigation 
involving pan evaporation data from the LSU Ben Hur 
Research Farm near Baton Rouge indicates the presence of 
such a relationship between weather types and 
evaporation rates.
Study sites utilized in this investigation include 
the LSU Ben Hur Research Farm, and the National Weather 
Service stations at Lake Charles, Baton Rouge and New 
Orleans (Figure 1.2). Ben Hur was chosen as the primary 
study site because it is one of the few climate stations 
in Louisiana where pan evaporation rates have been 
recorded over a relatively long time period. There also 
exists a complete data set of synoptic weather types for 
the Ben Hur area which can be used in combination with 
the pan evaporation data. Other data useful to this 
investigation include wind measurements, air 
temperature, relative humidity and solar radiation.
The data period analyzed in this study includes the 
years of 1976 through 1984. During this period an 
accurate synoptic weather type calender was kept for two 
times a day (0600 and 1500 CST). There also exists a 
complete record of pan evaporation measurements for this 
time period with few missing data.
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Figure 1.2: Climate Data Sites Utilized in theAnalysis of Pan Evaporation Rates 
by Synoptic Weather Type.
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The evaporation data, as well as other data such as 
air temperature, wind speed, pan temperature, relative 
humidity and solar radiation were sorted out on a 
monthly basis by weather type. This resulted in annual 
regimes of each climatic variable by weather type. The 
analysis provided insight into the relationships between 
weather types and evaporation rates, as well as the 
other climatic variables which combine to drive the 
evaporation process.
These data were also utilized as inputs into 
various potential evapotranspiration models to better 
examine the association of evaporation to weather types. 
Several models were used to represent some of the major 
types of potential evapotranspiration models; 1 ), mass 
transport models; 2), temperature based models; 3), 
solar radiation models; and 4), combination method 
models.
The models were run to produce estimates of mean 
daily potential evapotranspiration by synoptic weather 
types on a monthly basis. The results of each model 
were then compared to pan evaporation for each weather 
type. This analysis served to outline the performance 
of each model in Louisiana based on resulting 
correlations and root mean square errors when compared
10
to pan evaporation data for each weather type.
The results of these several analyses indicate the 
relationship between pan evaporation rates and weather 
types. The results also indicate the usefulness of 
synoptic weather types in the evaluation, selection and 
modification of potential evapotranspiration models.
Evaporation and potential evapotranspiration have 
been analyzed with respect to several types of landscape 
or ground cover; however, to this author's knowledge 
there has been very little, if any at all, analysis of 
evaporation rates by varying weather conditions. Thus, 
the work presented in this dissertation represents a new 
and novel approach to the study of evaporation and 
potential evapotranspiration.
The various analyses, as well as the examination 
and discussion of the results provide a better 
understanding of the evaporation process. The 
relationships discovered also permit an index of 
evaporation rates to be forecast since synoptic weather 
types normally can be forecast a day or two in advance. 
An improved understanding of the evaporation process 
should lead to improved evaporation modeling, as well as 
to improved use of evaporation data in agricultural and
11
industrial applications.
As a final note, English units were used in this 
study as oppossed to standard international (SI) units. 
English units were used since the results of this 
investigation are mainly applicable to agriculture, and 
at this time most agricultural research applications in 
southern Louisiana involve data in English units. 
Futhermore, the available climatic data are published in 
English units and the use of SI units would make it 
difficult to compare the results of this study to the 
published data. There is, however, an appendix that 
contains the primary figures and tables in SI units.
CHAPTER II
A REVIEW OF THE LITERATURE
This chapter provides a review of pertinent 
knowledge and research dealing with the measurement and 
estimation of evaporation and evapotranspiration, and 
the development and application of synoptic weather 
types. The chapter is divided into four sections:
1 ), evapotranspiration models; 2 ), synoptic weather
type classification; 3), applications of synoptic 
weather types to environmental processes; and 
4), applications of synoptic weather types to study 
evaporation.
EVAPOTRANSPIRATION MODELS
Generally accepted methods of estimating 
evapotranspiration can be categorized as: 1 ), mass
transport techniques; 2 ), aerodynamic or profile 
techniques; 3), eddy correlation techniques;
4), energy budget techniques; 5), combination




Mass transport techniques have generally been 
developed from an early equation worked out by Dalton. 
Dalton's equation predicts evaporation as a function of 
vapor pressure and is of the following form;
E=C(eo-ea)
where 'C' is a constant empirically determined and 
usually containing a wind speed term, while 'eo' and 
'ea' are the saturation vapor pressures at the surface 
and in the overlying air respectively. Many variations 
of the Dalton expression have resulted due to the 
difficulty of measuring the vapor pressure at the 
surface. The variations of the Dalton equation 
substitute other vapor pressure measurements such as the 
saturation vapor pressure at the temperature of the 
surface, which is also difficult to determine. Some 
variations have also included the effects of wind into 
the equation (Mather, 1978).
Aerodynamic Techniques
Aerodynamic techniques, also known as profile 
techniques, utilize assumptions about turbulent
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diffusion of heat and water vapor into the atmosphere. 
These methods demand extremely accurate observations of 
wind speed and specific humidity or vapor pressure at a 
number of heights above the surface, as well as 
temperatures to permit accurate estimations (Rosenberg, 
1974). Thus, these methods are difficult to use, 
expensive, time consuming, and have not reached a point 
of development which allows them to be applicable for 
widespread use.
Eddy Correlation Techniques
These techniques recognize that diffusion of water 
vapor can only occur if upward moving turbulent eddies 
are more moist than downward moving eddies (Mather, 
1978). The magnitude of the flux is determined from the 
simultaneous observation of vertical wind speed and 
water vapor content of the air. The moisture flux 
caused by turbulent transport and the moisture flux due 
to vertical air movement are determined (Mather, 1978). 
Sensitive and fast response instruments are necessary 
for these measurements in order to obtain reliable 
observations. Therefore, as is the case with 
aerodynamic techniques, eddy correlation methods are 
difficult to apply routinely and are limited to basic 
research as opposed to widespread application.
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Energy Budget Methods
Energy budget methods entail the partitioning of 
available net radiation into its different components at 
the earth's surface. The general form of the budget is 
the following;
Rn=S+H+LE
where 'S' is soil heat flux, 'H' is atmospheric Heat 
Flux, and 'LE' is the energy utilized by the evaporation 
process. The inputs for these methods are not measured 
routinely, and when such data are available, they are 
point specific which limits the use of these techniques 
to a few locations.
Empirical Techniques
Empirical techniques have been popular because they 
require limited amounts of climatic data as inputs. For 
example, Thornthwaite, fitting data from watersheds and 
irrigation plots to air temperature, was able to develop 





where ’t’ is the mean monthly temperature in degrees
centigrade, 'I' is an annual heat index (determined from
the sum of 12 monthly heat index values, I=Sum i, where 
1.514
i=(t/5) , (t is mean monthly temperature), and 'a'
is a nonlinear function of 1 and is calculated by;
- 7 3  -5 2
a = (6.75M10 )*I )-(7.71*(10 )*I )
-2
+(1-79*(10 )*I)+0.49
(Mather, 1978). The unadjusted PE value is for average 
12 hour days in a 30 day month. This value must be 
adjusted by multiplying by a factor which expresses how 
the particular month varies in hours per day of 
sunlight, and days per month, from the average.
(Mather, 1978). Other empirical systems such as the 
Blaney-Criddle, and Jensen-Haise methods have been 
developed. Empirical systems are usually easy to 
evaluate and are useful for application purposes since 
they require limited data inputs.
Combination Methods
In order to eliminate some of the weaknesses of 
several of these methods, combination techniques were 
developed which incorporate energy budget and
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aerodynamic approaches. Such methods require 
observations of duration of sunlight, mean air 
temperature, mean vapor pressure and mean wind speed. 
Such requirements make the model more difficult to 
evaluate, but also permit the expressions to be applied 
to a greater range of areas because of the inclusion of 
more factors active in the evaporation process.
In 1948 H.L. Penman performed experiments utilizing 
the aerodynamic and energy budget techniques to 
calculate evaporation from a bare soil surface. Penman 
found that these methods required measurements of 
surface temperature which were difficult to obtain. To 
overcome this problem Penman developed a combination 
approach to eliminate the need of surface temperature 
as a required input into the model (Rosenberg, 1974).
In its simplest form the Penman combination equation 
(1948), is:
m H +0.27 Ea 
m + 0.27
where Eo estimates evaporation loss in millimeters per 
day for an open water surface, 'm' is the slope of the 
saturation vapor pressure curve for water at mean air
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temperature (mm(Hg)/F), 'H' is an estimate of net 
radiation in evaporation equivalents (mm/day), 0.27 is 
the constant in the standard hygrometric equation 
(mm(Hg)/F). 'Ea' in (mm/day) represents a Daltonian type 
equation;
Ea = 0.35(es-ea)(1+U*.01)
with 'es' as the saturation vapor pressure at dewpoint 
temperature and 'ea' the actual vapor pressure, both in 
millimeters of mercury at the mean air temperature, and 
'U' is the average wind speed in miles/day measured at a 
height of two meters (Penman, 1948, Rosenberg, 1974).
"Penman's equation has a sound physical basis 
although it is sometimes classed as empirical" 
(Rosenberg, 1969). One of the criticisms of Penman's 
technique is the use of empirical constants to calculate 
Ea which raises questions about the generality of the 
model (Rosenberg, 1974).
Penman tested his method in the British Isles at 
100 stations against precipitation and runoff records 
for 40 watersheds and obtained good agreements (Penman, 
1950). Rosenberg also experimented with the Penman 
equation. Rosenberg (1969) tested the Penman equation
19
in the Great Plains region and found that the model 
generally underestimated water loss from bare soil when 
strong heat advection occurred.
Expanding the work done by Penman, van Bavel (1966) 
further developed the combination method for estimating 
potential evaporation, van Bavel noted that Penman's 
equation was restricted in validity to periods of 
several days and to a standard open water surface (van 
Bavel and Hillel, 1976). van Bavel desired to broaden 
the scope of the combination method developed by Penman. 
The van Bavel method accounts for most of the major 
factors involved in the evaporation process, while 
requiring more commonly measured weather variables such 
as solar radiation, air temperature, relative humidity 
and wind speed.
The van Bavel equation for estimating potential
2
evaporation in (calories/cm /min.) is;
-m/yH + LBv da
LEo  ----------------
m/y + 1
where 'm' is the slope of the saturation vapor pressure 
curve at mean air temperature, 'y' is the psychrometric 
constant, 'H' is the atmospheric heat flux in
2
calories/cm /min., ’da' is the vapor pressure deficit
of the air in millibars at elevation za, 'Bv1 is a
transfer coefficient for water vapor in 
2
calories/cm /millibar and is calculated by;
2
Pa E K Ua
Bv = --------- * ----------------
2
P (ln(Za/Zo))
where ’Pa1 is the density of air, 'E1 is the ratio of 
mole weights of water vapor and air, ’K ’ is the von 
Karman constant (0.4), 'P1 is the atmospheric pressure 
in millibars, ’Ua’ is wind speed in (km/day), 'Za' is 
the height of wind speed measurement in (cm), and 'zo' 
is the roughness length in (cm) (Rosenberg, 1974).
Rosenberg (1969) evaluated the van Bavel equation 
at Mead, Nebraska and measured evaporation losses from 
three surfaces; open water, wet bare soil, and well- 
watered alfalfa. Rosenberg found good agreement between 
calculated and lysimeter measured values of 
evapotranspiration on an hourly basis. Rosenberg 
concluded that the method required no empirical 
constants which restricted it to a specific surface 
condition, other than that the water supply be unlimited
21
Bavel method to be acceptable. The only criticisms are 
that the expression is very sensitive to windiness and 
to roughness length, and when windy conditions prevail 
the van Bavel model overestimates potential evaporation. 
The only other criticism of the van Bavel model is the 
limited application of the model due to the large number 
of data requirements (Rosenberg, 1974).
SYNOPTIC WEATHER TYPE CLASSIFICATION
Barry and Perry (1973) discuss the history and 
evolution of synoptic weather type and air mass 
classification quite thoroughly. This section will 
describe those approaches which appear most widely 
accepted and viable.
The earliest attempts to classify air mass or 
synoptic weather types were subjective and qualitative 
in nature. One of the first studies was performed by 
van Bebber and Keppen (1895). In this investigation a 
trajectory analysis technique was employed to examine 
pressure patterns over the North Atlantic and Western 
Europe, van Bebber and Keppen were able to distinguish 
five main types of flow patterns by examination of the 
movement of high and low pressure systems. A similar 
study was undertaken by Gold (1920), who examined
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pressure patterns over the British Isles, and 
distinguished 15 main synoptic types.
A.H.R. Goldie (1923) made a distinction between 
tropical air and polar air, and was one of the first to 
recognize air masses as homogeneous units with a "steady 
state" of thermal properties. T. Bergeron (1928) 
developed one of the earliest detailed classifications. 
Bergeron identified air mass types according to source 
region, and his description of polar, tropical, 
continental, and maritime air masses came to be the 
basis for many future studies.
Lund (1963) developed an objective method to 
classify weather types by utilizing correlation 
techniques to group pressure patterns in the atmosphere 
(Lund, 1963). Lund’s method distinguished between 
different pressure patterns by correlating a large 
sample of surface pressure maps and then choosing the 
pattern which results in the largest number of high 
correlations. The maps representing this pattern are 
removed and the process is repeated until all maps are 
classified (Lund, 1963). The Lund method has been used 
by many researchers including Paegle and Kierulf (1974) 
and Overland and Heister (1980).
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Using another technique, Putnins (1966) 
subjectively examined surface pressure patterns over 
Alaska, and took into account the curvature of the 500 
millibar wind contours. Putnins' study resulted in a 
classification of 22 synoptic weather types. Barry
(1972) performed a similar study for the eastern 
Canadian Arctic region, and developed a classification 
of 42 synoptic types.
R.A. Muller (1977) examined pressure patterns over 
Louisiana and with the aid of daily weather maps 
developed a classification of eight synoptic weather 
types. These eight synoptic types have been employed in 
various types of research such as air pollution, 
precipitation and insect migration.
There continues to be some controversy over the use 
of subjective versus objective quantitative methods to 
classify synoptic types (McCabe, 1984). To overcome the 
various criticisms of each of these two general 
approaches some researchers tried combinations of 
subjective and objective techniques. One such 
investigation was undertaken by Overland and Heister 
(1980) in the northeast Gulf of Alaska. The first 
aspect of their study entailed the use of a subjective
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approach to examine daily weather maps in order to 
determine apparent different atmospheric pressure 
patterns. The second half of their investigation then 
used correlation methods to distinguish pressure 
patterns from digitized surface pressure grids. The 
result of their study was the identification of four 
distinct patterns, the Aleutian low, a low over the 
North Gulf, a high over the Eastern Gulf, and a high 
over the Western Gulf.
Most recent objective synoptic weather type 
investigations entail the use of empirical-orthogonal 
functions to determine synoptic types. This approach 
permits synoptic types to be classified according to the 
"nature of the measurements, including the relative 
scaling of the different variables" (Barry and Perry, 
1973). There are several of these methods available and 
they include eigen-vector analysis, factor analysis and 
principal components analysis. Proponents of these 
methods believe that this type of analysis brings "... 
order and understanding to the potentially bewildering 
array of elements and patterns of climatic variations, 
as well as providing a degree of precision unavailable 
through traditional climatic study" (Micklin and 
Dickason, 1981). E.N. Lorenz is given credit as the 
first to realize the use of components analysis for
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climatic studies in the United States in the late 1950’s 
(Craddock, 1965). Since Lorenz the use of empirical- 
orthogonal components analysis has been used extensively 
(Bryson, 1966, Craddock and Flood, 1967, Stidd, 1967, 
Dyer, 1975, Hannes, 1976, Johnston, 1980).
A further extension of the application of 
empirical-orthogonal components for synoptic weather 
type classification is the use of cluster analysis to 
group the results of components analysis. Gadgil and 
Iyengas (1980) employed principal components analysis in 
a study of rainfall over the Indian peninsula, and 
subsequently utilized a centroid clustering method to 
group the results of the components analysis. Anderberg 
(1973) stated that the results of cluster analyses could 
be used to contribute directly to classification 
procedures, and that components analysis and cluster 
analysis together can complement each other, and 
"provide greater insight". In a later study Kalkstein 
(1980) used a combination of components and cluster 
analyses to classify synoptic weather types, and found 
that the clusters characterized homogeneous 
meteorological conditions, and that each cluster 
represented a particular air mass type (Kalkstein,
1980).
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APPLICATIONS OF SYNOPTIC WEATHER TYPES TO ENVIRONMENTAL 
PROCESSES
Synoptic weather types have proven to be very 
useful in environmental studies. This is due to the 
fact that "...weather and climate are generally 
considered to represent forcing or driving functions for 
many environmental processes, and environmental 
responses are certainly related to frequencies and 
extremes of meteorological or climatological parameters'' 
(Muller, 1977).
Bryson (1966) utilized synoptic weather types for 
environmental analysis and investigation of the 
distribution of biotic regions. Bryson utilized a 
trajectory approach to identify a zone of transition 
from Arctic dominance to Pacific dominance. Bryson 
found that the zone occurred along the border of the 
boreal forest and the tundra. This suggested that the 
air mass distribution might be an important causal 
factor for the distribution of forest versus tundra 
vegetation.
Bryson continued his investigation and used an air 
mass frequency analysis to examine his findings. The
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results o£ this study suggested that air mass dominance 
might also be important to the distribution o£ other 
biotic regions other than just the boreal forest and 
tundra. Subsequently, Bryson examined mean airstreams 
and confluences, and found that they defined climatic 
regions, and were associated with several biotic regions 
(Bryson, 1966).
Brotak and Reifsnyder utilized synoptic 
classifications to study wildfire occurrence in the 
eastern United States. This study reported that three 
quarters of all wildfires were associated with small 
amplitude, but intense short wavelength troughs at the 
500 millibar level. This condition, as reported, was 
usually accompanied by strong winds and dry air, which 
are both suitable conditions for forest fire outbreaks. 
Brotak and Reifsnyder also stated that the use of 
synoptic classifications were reliable for forecasts of 
fire-prone days and resulted in a high level of 
predictability (Brotak and Reifsnyder, 1977).
There have been other applications of synoptic 
weather types to environmental problems such as air 
pollution (Corrigan, 1983, Muller and Jackson, 1985), 
insect migration (Muller, 1985), insect outbreaks 
(Kalkstein, 1974), water level fluctuations (Wax, 1977),
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pollen outbreaks (Jackson, 1983), excessive 
precipitation (McCabe, 1984), solar radiation 
(Borengasser, 1973) and industrial cloud formation 
(Faiers and McCabe, 1985).
APPLICATIONS OF SYNOPTIC WEATHER TYPES TO STUDY 
EVAPORATION
Except for empirical models many 
evapotranspiration models are complex and require data 
inputs which are not readily available at many 
locations. All of these methods have definitely 
increased understanding of the evaporation process; 
however, model accuracy and ease of use seem to be 
inversely related. Thus the more accurate models are 
too complex to be widely utilized and the more 
applicable methods are not very accurate. This problem 
is possibly due to the complex heat and moisture 
exchanges which are related to the evaporation process. 
Several climatic variables combine to effect evaporation 
rates such as temperature, humidity, solar radiation, 
vapor pressure gradient, and wind. With the aid of 
synoptic weather types all of these climatic factors may 
be considered as a unit. The relationship of synoptic 
weather types and evaporation rates should add more 
understanding to the evaporation process, and lead to 
the development of very useful evaporation estimates.
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Very little research has been performed 
investigating the relationships between evaporation 
rates and synoptic weather types. In 1939 Thornthwaite 
and Holzman briefly examined the variation of 
evaporation rates under continental high and maritime 
tropical conditions, however no further research was 
performed (Thornthwaite and Holzman, 1940). Cunningham
(1973) performed some work in this area and examined 
evaporation rates in Baton Rouge, Louisiana by three air 
mass types; continental Polar, Atlantic, and maritime 
Tropical. This analysis, however, only utilized data 
from two months of the year, March and December, and his 
results leave room for detailed research.
CHAPTER III 
PAN EVAPORATION BY SYNOPTIC WEATHER TYPE
This chapter focuses on the relationships between 
evaporation rates and synoptic weather types. The first 
section discusses procedures utilized to determine pan 
evaporation rates by synoptic weather type for each 
month of the year. The second section reviews the 
annual regimes of pan evaporation rates for each of the 
eight individual synoptic weather types. The final 
section examines and compares pan evaporation rates for 
each weather type throughout the year.
DETERMINATION OF PAN EVAPORATION RATES BY SYNOPTIC 
WEATHER TYPES
In order to examine the relationship between pan 
evaporation rates and synoptic weather types, pan 
evaporation data from a National Weather Service Class A 
pan were employed. The pan evaporation data were 
collected over a long period dating back as far as 1963 
at the LSU Ben Hur Research Farm near Baton Rouge, 
Louisiana. The pan is located in the middle of a large 
field with little or no horizonal obstructions. The pan
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evaporation readings are made each day at 0800 CST and 
are recorded in Climatoloqical Data published by the 
National Climatic Data Center (NCDC). The data period 
utilized in this investigation included the years o£
1976 through 1984. This period was chosen because a 
continuous data set of synoptic weather type calendars 
for Baton Rouge is available for this same time period. 
There are also weather type data for the years 1973 and 
1974, but 1975 is incomplete. Therefore, the continuous 
record from 1976 through 1984 was chosen.
The synoptic weather type data set employed in this 
investigation was developed by R.A. Muller (1977) for 
southeastern Louisiana. Muller classified weather 
patterns into eight synoptic weather types, divided into 
5 fair weather types and 3 stormy weather types (Figure 
3.1). A brief descripiton of each weather type follows:
Pacific High (PH) weather is often related to 
circulation around a deep surface low to the north of 
Louisiana, that brings mild and relatively dry air 
across southern Louisiana following a "Pacific" cold 
front. Normally fair and mild weather with west to 
northwest winds are associated with this weather type;
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Figure 3.1: Synoptic Weather Types Developed by 
R.A. Muller (1977) for Southeastern Louisiana.
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Continental High (CH) conditions are associated 
with fair weather corresponding to a core of high 
pressure following a cold front. This type of weather 
exhibits cold and dry characteristics with north or 
northeast winds;
Frontal Overrunning (FOR) weather occurs in the 
cold sector behind a cold front or ahead of a warm 
front, and is generally cloudy and rainy with winds from 
the northeast. This situation results when fronts 
become guasi-stationary along the Gulf Coast or over the 
western Gulf. Waves often develop along the front and 
then sweep northeastward/ bringing heavy clouds and 
precipitation;
Coastal Return (CR) weather develops when the crest 
of a high pressure ridge drifts to the east of Louisiana 
and surface winds veer from northeast to east and 
southeast. Fair and cool weather accompany this weather 
type in the winter and spring, and fair but warm and 
muggy weather in the summer and early fall;
Gulf Return (GR) situations occur when a high 
prssure ridge drifts far to the east of Louisiana. The 
surface pressure pattern on the back side of the high 
results in a flow of warm and moist air from the
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Caribbean Sea and Gulf of Mexico. Winds from the 
southeast and south generally accompany this weather 
type;
Frontal Gulf Return (FGR) weather occurs in the 
warm sector ahead of an approaching cold front or after 
a warm front. Winds are typically from the southwest 
and hold moisture from the Gulf of Mexico. The weather 
becomes increasingly turbulent due to lifting and 
convergence along the approaching front and 
precipitation often results. At times thunderstorms, 
squall lines and occasional severe weather accompany 
this weather type;
Gulf High (GH) situations result when polar highs 
push southward over eastern Texas or Louisiana to the 
Gulf of Mexico in winter, or when the western extension 
of the Bermuda High is displaced towards or over the 
Gulf of Mexico in summer and fall, producing 
southwesterly winds over Louisiana. Depending upon the 
season, this flow consists of maritime tropical, 
continental tropical or occasionally continental polar 
air;
Gulf Tropical Disturbance (GTD) involves tropical 
systems that develop over the Gulf of Mexico or the
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Caribbean Sea and usually drift east to west across the 
northern Gulf. These systems range from relatively weak 
easterly waves to occasionally severe hurricanes, and 
generally occur in the summer and fall seasons.
Table 3.1 displays the frequency of each of the 
weather types in percent of hours at New Orleans for the 
period of 1961 to 1980. Frequencies at New Orleans are 
used, as a much longer set of synoptic weather type 
calendars is available. These frequencies are 
relatively representative of the weather type 
frequencies at Baton Rouge. Continental High is the 
most frequent, with Pacific High and Gulf Tropical 
Disturbance being the least frequent.
Although there are eight weather types which affect 
the weather in Louisiana, there are five of the eight 
which are commonly associated with mid-latitude cyclones 
and high pressure systems; Continental High, Coastal 
Return, Gulf Return, Frontal Gulf Return and Frontal 
Overrunning (Figure 3.2). After a cold front passage, 
the sequence from Frontal Overrunning to Continental 
High, and eventually to Frontal Overrunning again, is 
very representative of winter and spring weather 
patterns in southern Louisiana. Therefore, these five 
main weather types will be examined in greater detail
Table 3.1: Synoptic Weather Type Frequency in Percent of
Hours, New Orleans, Louisiana, 1961-1980, 
(from Muller and Willis, 1983).
J F M A li J J A S O N D YEAR
PACIFIC HIGH 3 7 6 4 5 0 0 0 1 4 3 4 3
CONTINENTAL
HIGH 22- 25 20 19 19 19 6 16 28 46 32 26 23
FRONTAL
OVERRUNNING 38 27 23 13 13 7 3 6 14 15 25 31 18
COASTAL
RETURN 7 8 8 9 13 12 12 21 17 14 13 8 12
GULF RETURN 11 11 21 34 26 25 20 16 13 9 12 10 17
FRONTAL GULF 
RETURN 14 17 19 16 15 10 7 8 8 7 13 17 13
GULF HIGH 4 6 2 5 9 23 40 26 6 4 2 4 11
GULF TROPICAL 
DISTURBANCE 0 0 0 0 1 4 11 7 13 1 1 0 3
Figure 3.2: Sequence of Synoptic Weather Types Most Commonly
Associated With a Frontal Passage Over Louisiana, 
(The fronts move southeastward; thus, a given 
location normally receives FOR just after a frontal 
passage, followed by CH, CR, 6R, F6R as a new front 
approaches).
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than the other three which include Gulf High, Pacific 
High and Gulf Tropical Disturbance. It is also 
important to mention that the order in which the weather 
types will be examined follows the sequential order 
which normally occurs after a frontal passage; 
therefore, the cycle of Continental High, Coastal 
Return, Gulf Return, Frontal Gulf Return, and Frontal 
Overrunning will be adhered to. The other three weather 
types will at times be discussed in the following order; 
Gulf High, first, because it is an important weather 
type during summer months and is among the most frequent 
summer weather types. Pacific High, second, because 
these weather conditions do not occur as frequently and 
are non-existent from June through September. Finally, 
Gulf Tropical Disturbance, as these weather conditions 
only occur during late spring, summer, and fall months, 
and are not frequent enough to be important in an 
investigation of evaporation.
The Baton Rouge synoptic weather type record for 
1976 to 1984 was created by R.A. Muller. The data set 
includes daily synoptic weather types for 0600 and 1500 
CST. There are often days when different weather types 
are identified for each time period. In order to 
maintain uniformity in the data analysis, and to 
maintain high confidence of proper synoptic weather type
t
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identification, only days in which the same weather type 
was identified for both 0600 and 1500 CST were utilized 
in this invesitgation.
The pan evaporation data from the LSU Ben Hur 
Research Farm were retrieved from Climatological Data 
for the days which experienced the same synoptic weather 
type during both times of observation. The pan 
evaporation data were then separated out by synoptic 
weather types on a monthly basis and processed to 
produce daily average pan evaporation by synoptic 
weather type for each month of the year.
The pan evaporation record at the LSU Ben Hur 
Research Farm began in 1963. The USDA Agricultural 
Research Service was the first group to begin measuring 
pan evaporation at the research farm. In 1973 the 
Louisiana State University Agricultural Experiment 
Station took over the task of maintaining the pan 
evaporation record. Some researchers that have used the 
pan evaporation data from the LSU Ben Hur site claim 
that there are some inaccuracies in the data, especially 
the data collected during the early years of the record. 
Although some of the data are suspect, the pan 
evaporation record from the LSU Ben Hur Research Farm is 
the best long term evaporation record available in
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southern Louisiana, and is also the official national 
Weather Service pan evaporation record. Even with some 
suspect data, the pan evaporation record from the LSU 
Ben Hur Research Farm is useful for investigations into 
the relationships of pan evaporation to climatic 
factors.
The results of this analysis were plotted to 
examine the trend of evaporation throughout the year by 
synoptic weather type. The results were also compared 
on a monthly basis, by synoptic weather type, to several 
of the weather factors which are important to the 
evaporation process.
ANNUAL REGIMES OF PAN EVAPORATION FOR EACH SYNOPTIC 
WEATHER TYPE
Pan Evaporation Rates During Continental High 
Conditions
The pan evaporation data and statistics during 
Continental High (CH) conditions are found in Figure 3.3 
and Table 3.2. Figure 3.3 indicates that the pan 
evaporation rates follow a bell shaped curve through the 
year, except for a slight deviation in July. This 
deviation corresponds to the period of highest 
cloudiness for Continental High conditions in Louisiana
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Figure 3.3: Mean Daily Pan Evaporation in Inches
During Continental High Conditions,





Table 3.2: Mean Daily Pan.Evaporation Statistics
During Continental High Conditions 
(inches/day).
3 r H A K J 3 A S O N D
KEAN .12 .13 .17 .24 .26 .28 .24 .25 .21 .17 .14 .10
HIGH .us .40 .34 .35 .44 .42 .32 .39 .38 .34 .33 .25
LOU .01 .03 .05 .07 .12 .13 .17 .10 .04 .02 .01 .00
RANGE .42 .37 .29 .28 .32 .29 .15 .29 .34 .32 .32 .25
STD, DEV. .09 .07 .06 .06 .08 .06 .05 .06 .07 .06 .07 .05
t OF OBS. 24 30 26 33 34 28 11 22 68 85 55 37
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(Table 3.3). The maximum rate of mean daily pan . 
evaporation for Continental High weather occurs in June, 
which corresponds to the highest levels of solar 
radiation annually. Continental High weather is 
associated with some of the highest rates of pan 
evaporation, second only to Gulf High weather, with a 
mean daily minimum in December of .10 inches/day and a 
mean daily maximum of .28 inches/day in June.
Pan Evaporation Rates During Coastal Return
Conditions
Evaporation for Coastal Return (CR) conditions are 
displayed in Figure 3.4 and Table 3.4. Pan evaporation 
during Coastal Return conditions also follows a bell 
shaped curve, which implies a strong relationship to 
seasonal changes of solar radiation through the year.
It is interesting to note that the range and standard 
deviation of pan evaporation rates during Coastal Return 
conditions are greatest during summer months and least 
during winter months. This is a result of increased 
afternoon cloudiness during summer months and the 
subsequent greater variability of solar radiation. As 
was the case for Continental High weather, the greatest 
rate of mean daily pan evaporation occurs in June in 
association with the highest levels of solar radiation 
annually.
Table 3.3: Mean Daily cloud Cover by Synoptic Weather Type,
Mew Orleans, Louisiana, 1961-1984, (adapted 
from Muller and Willis, 1983).




J F M A M J J A S 0 N D
CH 1.5 1.5 2.0 2.0 2.5 2.5 4.0 3.0 2.0 2.0 2.0 1.5
CR 5.5 5.0 4.0 4.0 5.0 4.0 6.0 5.5 4.0 4.0 4.0 5.0
GR 8.0 6.5 7.5 6.5 6.0 5.0 7.0 6.0 6.0 4.0 5.5 6.0
FGR 9.5 9.0 9.0 8.5 9.0 7.5 8.0 8.5 7.0 8.0 8.0 8.5
FOR 10.0 10.0 9.0 9.0 9.0 .9.0 8.5 8.5 9.0 9.0 9.0 9.0
GH 3.0 2.5 3.0 2.5 3.0 4.5 5.5 5.0 4.0 1.5 2.0 2.5
PH 2.5 2.5 2.0 2.5 3.0 • 1 3.0 2.0 1.5 2.5
GTD • 10.0 8.5 8.5 8.0 9.0 8.5 9.0 •
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Figure 3.4: Mean Daily Pan Evaporation in Inches
During Coastal Return Conditions,
LSU Ben Hur Research Farm, Baton Rouge, 
Louisiana, 1976-1984.
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Table 3.4: Mean Daily Pan Evaporation Statistics
During Coastal Return Conditions 
(inches/day).
J F H A H J J A S 0 N D
MEAN .09 .12 .19 .20 .22 .26 .26 .23 .21 .17 .10 .08
HIGH .15 .21 .33 .38 .36 .66 .60 .35 .27 .15 .16
LOU .03 .16 .06 .01 .02 .06 .10 .08 .09 .06 . -os
RANGE .12 .05 .29 .37 ,36 .38 .30 .27 .18 .09 .13
SID. DEV. .05 .02 .08 .09 .07 .08 .07 .07 .06 .02 .05
* OF OBS. 3 5 10 26 18 30 66 28 26 17 5
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Coastal Return periods were relatively Infrequent 
during some months o£ the year and resulted in a lack of
data during the month of February. Thus, an estimate
for February was interpolated utilizing information from 
the months of January and March, as well as October, 
November and December. The values for these months 
served as a guide to interpolate a value for February, 
by assuming a bell shaped curve for the annual regime.
Pan Evaporation Rates During Gulf Return Conditions
Figure 3.5 and Table 3.5 exhibit the data and 
statistics for pan evaporation during Gulf Return (GR). 
conditions. As was the case with Coastal Return 
conditions, the greatest range and standard deviation of
values occur in the summer months. This is a result of
the greater cloudiness during summer months and the 
greater variance of solar radiation, which subsequently 
results in a greater variance of pan evaporation rates 
during this period. Under all three of the weather type 
conditions examined thus far, the annual regime of pan 
evaporation rates follows a bell shaped curve with a 
peak in June.
Figure 3.5: Mean Daily Pan Evaporation in Inches
During Gulf Return Conditions, LSU 






Table 3.5: Mean Daily Pan Evaporation Statistics
During Gulf Return Conditions (inches/day).
j T H A H J J A S 0 N D
KEAN .08 .Ik .15 .21 .24 .26 .23 .20 .19 .16 .13 .11
HIGH .12 .Ik .26’ .35 .43 .47 .37 .40 .42 .27 .30 .19
LOW .01 .02 .03 .10 .06 .05 .02 .06 .05 .09 .00 .04
RANGE .11 .22 .23 .25 .37 .42 .35 .36 .37 .18 .30 .15
SID. DEV. .Ok .06 .06 .06 .08 .08 .08 .07 .08 .06 .08 .04
* or obs. k 19 63 37 48 47 38 36 29 19 11 15
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Pan Evaporation Rates During Frontal Gulf Return 
Conditions
The pan evaporation data and statistics for Frontal 
Gulf Return (FGR) conditions are displayed in Figure 3.6 
and Table 3.6. A bell shaped curve is still evident 
through the year, however the curve is a bit less smooth 
than the curves for Continental High, Coastal Return and 
Gulf Return conditions. The irregularities of the curve 
are a direct result of the small number of data points 
obtained under Frontal Gulf Return conditions, which 
totaled only 125 points, and as few as 6 for the month 
of January and October. The range and standard 
deviation of pan evaporation rates seems to be greatest 
during the summer months. The trend, however, is not as 
apparent as with Coastal Return and Gulf Return 
conditions; this may be a result of the small amount of 
data. The results, however, clearly indicate the annual 
trend of pan evaporation rates under Frontal Gulf Return 
conditions.
Also of interest is the peak evaporation rate 
during Frontal Gulf Return conditions which occurs in 
July as opposed to June when evaporation rates for 
Continental High, Coastal Return and Gulf Return 
conditions peak. This seems to be a function of air
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Figure 3.6: Mean Daily Pan Evaporation in Inches
During Frontal Gulf Return Conditions, 
LSU Ben Hur Research Farm, Baton Rouge, 
Louisiana, 1976-1984.
, H ,GH 




Table 3.6: Mean Daily Pan Evaporation Statistics
During Frontal Gulf Return Conditions (inches/day).
j r K A H J J A S 0 N D
KEAN .09 .09 .11 .17 .16 .19 .11 .16 .16 .13 .11 .08
HIGH .19 • 16 .16 .28 .29 .31 .36 .30 .25 .27 .26 .26
LON .01 .01 .00 .02 .07 .12 .00 .02 .06 .05 .02 .01
RANGE .18 .11 .26 .25 .22 .21 .36 .28 . '21 .22 .22 .23
SID. DEV. .06 .01 .08 .07 .06 .07 .09 .09 .07 .08' .05 .07
* or obs. 6 9 9 9 9 13 17 13 10 6 15 9
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temperature. Frontal Gulf Return situations are 
associated with high cloud cover and very little solar 
radiation; thus, evaporation rates are dependent on air 
temperature. Air temperature lags behind solar 
radiation which peaks in June, and the highest air 
temperatures generally occur in July and August (Figure 
3.7), resulting in higher rates of pan evaporation under 
Frontal Gulf Return conditions in July and August. This 
occurs due to the increased vapor pressure gradient from 
the pan to the air when the air temperature is high.
Pan Evaporation Rates During Frontal Overrunning 
Conditions
Frontal Overrunning (FOR) conditions also produce 
an annual regime of pan evaporation rates that follow a 
bell shaped curve (Figure 3.8 and Table 3.7), with a 
peak in July which is associated with higher air 
temperatures during this month, as is the case with 
Frontal Gulf Return situations. Frontal Overrunning and 
Frontal Gulf Return conditions resulted in the lowest 
mean daily rates of pan evaporation for most of the 
months.
Poor and insufficient data resulted in the 
necessity of interpolating a value for the month of Hay. 
This value was obtained by the basic assumption of a
Figure 3.7: Comparison of Mean Daily Solar Radiation















Figure 3.8: Mean Daily Pan Evaporation in Inches
During Frontal Overrunning Conditions, 
LSU Ben Hur Research Farm, Baton Rouge, 
Louisiana, 1976-1984.




Table 3.7: Mean Daily Pan Evaporation Statistics
During Frontal Overrunning Conditions 
(inches/day).
J F H A M J J A S 0 N D
MEAN .06 .08 .11 .16 .16 .16 .10 .19 .17 .13 .10 .09
HIGH .19 .10 .30 .33 .30 .38 .15 .18 .31 .14 .18
LOW .00 .00 .00 .00 .03 .08 .10 .01 .01 .01 .00
RANGE .19 .10 .30 .33 .17 .30 .IS .17 .30 .13 .18
SID* DEV# .OS .OS .08 .11 .09 .09 .05 .08 .08 .06 .07
t OF OBS. 11 61 19 lb 7 8 6 11 17 18 31
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bell shaped curve, and use o£ values for the preceding 
and following months.
Pan Evaporation Rates During Gulf High Conditions
The pan evaporation data and statistics for Gulf 
High (GH) conditions are found in Figure 3.9 and Table 
3.8. Again the bell shaped curve is apparent; however, 
there is a major deviation in April which is a result of 
a small sample. In November the few data points 
produced an extremely low value of mean daily pan 
evaporation which did not appear to represent actual 
conditions very well; thus, a data value was 
interpolated for the month of November based on the 
assumption of a bell shaped curve, and the relative 
level of mean daily pan evaporation rates during Gulf 
High conditions to those during Pacific High and 
Continental High conditions. The relationship between 
these three fair weather types serves as an acceptable 
guide to interpolate missing values.
As was the case with evaporation rates under 
Continental High, Coastal Return and Gulf Return 
conditions, the peak evaporation rate under Gulf High 
conditions occurs in June, corresponding to peak levels 
of solar radiation.
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Figure 3.9: Mean Daily Pan Evaporation in Inches
During Gulf High Conditions, LSU Ben 
Hur Research Farm, Baton Rouge, 
Louisiana, 1976-1984.
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Table 3.8: Mean Daily Pan Evaporation Statistics
During Gulf High Conditions (inches/day).
J T H A H J J A S 0 X D
KEAN .16 .16 .18 .25 .23 .28 .27 .21 .21 .18 .15 .10
HIGH .19 .25 .26 .36 .27 .38 .38 .37 .33 .23 .17
I M .09 .02 .02 .16 .17 .11 .10 .01 .15 .12 .06
RANGE .10 .25 .26 .20 .10 .27 .28 .36 .18 .11 .11
SID. DEV. .05 .07 .07 .08 .03 .07 .06 .09 .05 .06 .06
f OF OBS. 2 11 10 5 7 23 58 30 13 6 5
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Pan Evaporation Rates During Pacific High Conditions
Pacific High (PH) situations do not occur during 
the summer months, and are relatively infrequent during 
the remainder of the year (Figure 3.10, Table 3.9). The 
Pacific High episodes provided the least amount of data 
of all weather types. However, values of mean daily pan 
evaporation from the limited data set, plotted in Figure 
3.10, do suggest the familiar bell shaped curve. The 
last three data points, however do not indicate the 
seasonal trends, and are not considered to be 
representative of average conditions because of lack of 
data.
Pan Evaporation Rates During Gulf Tropical 
Disturbance Conditions
Gulf Tropical Disturbance (GTD) events do not occur 
frequently enough to provide a great deal of data. The 
results displayed in Figure 3.11 and Table 3.10 are 
based on minimal data. The fact that the weather type 
only occurs during a few summer and fall months does not 
permit a clear trend in pan evaporation rates to be 
identified.
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Figure 3.10: Mean Daily Pan Evaporation in Inches
During Pacific High Conditions,






Table 3.9: Mean Daily Pan Evaporation Statistics
During Pacific High Conditions 
(inches/day).
j r K A H J J A S 0 X D
KEAN .IS .16 .18 .11 .IS .16 .16 .16
HIGH .AO .11 .17 .17 .17 .16 .19
LOU .11 .10 .16 .16 .16 .10 .09
RANGE .19 .11 .11 .11 .01 .16 .10
SID. DEV. .09 .07 .07 .09 .01 .OS .07
t or obs. 10 10 7 S 1 5 9
Figure 3.11: Mean Daily Pan Evaporation in Inches
During Gulf Tropical Disturbance 
Conditions, LSU Ben Hur Research Farm, 
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Table 3.10: Mean Daily Pan Evaporation Statistics
During Gulf Tropical Disturbance 
Conditions (inches/day).
J T H A H J J A S 0 N D
KEAN .17 .lb .22 .17 .17 .08
HIGH .lb .37 .36 .32
LOU .01 .07 .07 .Ob
RANGE .21 .30 .29 .28
SID. DEV. .07 .07 ..09 .07
# OF OBS. 1 11 26 13 27 1
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COMPARISON OF ANNUAL REGIMES OF PAN EVAPORATION FOR 
EACH SYNOPTIC WEATHER TYPE
Average pan evaporation rates for each of the 
weather types resulted in a bell shaped curve through 
the year, which implies a strong-relationship between 
evaporation rates and solar radiation. In most cases 
the greatest standard deviation and range of evaporation 
rates occur in the summer months. This is related to 
increased cloudiness during the summer period for all of 
the weather types, except for the stormy weather types 
which exhibit relatively consistent cloudiness through 
the year. Increased cloudiness during the summer months 
results in greater variability of solar radiation and 
ultimately pan evaporation. The standard deviation of 
pan evaporation is also lower during the winter for most 
of the weather types due to the fact that the range of 
evaporation rates during this period is small and any 
deviations will be small.
Figure 3.12 and Table 3.11 illustrate a 
comparison of the mean daily pan evaporation for each 
synoptic weather type by month. Figure 3.12 clearly 
indicates how the fair weather types produce the 
highest pan evaporation rates throughout the year. It 
is also interesting to note that during the winter 
months the difference between the evaporation rates of
58
Figure 3.12: Mean Daily Fan Evaporation by Synoptic
Weather Type, LSU Ben Hur Research Farm, 
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Table 3.11: Mean Daily Fan Evaporation, LSU Ben





J F H A M J J A S 0 H D
CH .12 .13 .17 .24 .26 .28 .24 .25 .21 .17 .14 .10
CR .09 .12 .19 .20 .22 .24 .24 .23 .21 .17 .10 .08
GR .08 .14 .15 .21 .24 .26 .23 .20 .19 .16 .13 .11
TOR .09 .09 .11 .17 .16 .19 .21 .16 .16 .13 .11 .08
FOR .06 .08 .11 .16 .16 .16 .20 .19 .17 .15 .10 .09
.
GH .14 .16 .18 .25 .23 .28 .27 .21 .21 .18 .15 .10
PH .15 .16 .18 .21 .25 .16 .16 .16
GTD .17 .14 .22 .17 .17 .08
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the weather types is least, and greatest during the 
summer period. The greatest range of mean daily pan 
evaporation rates between weather types occurs during 
June when solar radiation is at a peak, resulting in the 
highest rates of pan evaporation annually for the fair 
weather types. The range decreases in July as 
solar radiation decreases and cloudiness increases, 
resulting in decreased evaporation rates for the fair 
weather types. At the same time the evaporation rates 
for the stormy weather types reach an annual maximum in 
association with the highest air temperatures annually.
The results of this analysis follow a logical 
pattern, with the fair weather types producing the 
highest evaporation rates and the stormy weather types 
the least. An intuitive ranking of synoptic weather 
types by evaporation rates, primarily based on knowledge 
of solar radiation and air temperature, would be as 
follows: Continental High should be associated with the
highest evaporation rates as this weather type is 
associated with high levels of solar radiation; Coastal 
Return should be next as solar radiation is high for 
these weather conditions, but less than for Continental 
High situations; following Coastal Return is Gulf 
Return which is the cloudiest of the fair weather types; 
Frontal Gulf Return follows Gulf Return as it is a
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stormy weather type with warm air temperatures and 
broken cloud cover; finally, Frontal overrunning, as 
these weather conditions are stormy with cool 
temperatures and continuous cloud cover.
The results of this analysis appear to follow this 
intuitive ranking with only a few deviations. The 
primary deviations are high values of mean daily pan 
evaporation for Gulf Return conditions during the spring 
and late fall. In general, however, the results seem to 
follow the intuitive ranking closely enough such that 
the pan evaporation rates by synoptic weather types 
developed in this investigation can .be considered 
generally representative and useful.
CHAPTER IV 
SOLAR RADIATION AND EVAPORATION
Budyko (1958) indicated that solar radiation was 
the most important meteorological variable controlling 
evaporation when an unlimited supply o£ water is 
supplied, as is the case of pan evaporation. Thus, this 
chapter focuses on the examination of the relationships 
between pan evaporation and solar radiation by synoptic 
weather types. This chapter begins with a comparison of 
average daily pan evaporation rates by synoptic weather 
type to average daily incoming solar radiation.
COMPARISON OF ANNUAL REGIMES OF PAN EVAPORATION TO 
SOLAR RADIATION
Except for Lake Charles, there is a lack of solar 
radiation data for extended time periods in Louisiana 
and very little exists at this time for Baton Rouge. 
Borengasser (1974) determined monthly values of mean 
daily solar radiation by synoptic weather type for Lake 
Charles, Louisiana. Lake Charles lies approximately at 
30.3 degrees north latitude, 93.3 west longitude and 
Baton Rouge at 30.5 degrees north latitude, 91.2 west
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longitude. Thus, because of the relatively similar 
latitudes of Lake Charles and Baton Rouge, and because 
solar radiation varies mostly in a north to south, 
rather than in an east to west direction along the Gulf 
coast, the monthly values of mean daily solar radiation 
developed by Borengasser for each synoptic weather type 
for Lake Charles can be applied to Baton Rouge.
On a daily basis there is often a difference in 
solar radiation income at Baton Rouge and Lake Charles 
due to cloud cover and the relative positions of fronts 
and mid-latitude cyclones; in other words, differences 
due to the presence of different weather types 
influencing the two areas. However, if the solar 
radiation values are sorted out by synoptic weather 
type, the controlling factor producing differences of 
solar radiation levels at the two locations is primarily 
latitude.. As the latitudes are similar at both 
locations, it is felt that the application of solar 
radiation values by synoptic weather type at Lake 
Charles to Baton Rouge is quite acceptable.
Using this assumption the mean daily pan 
evaporation rates by synoptic weather type were 
converted from inches of evaporation to energy units 
representing the amount of energy needed to evaporate an
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equivalent depth of water. This was accomplished using 
the following relationship:
(Pan Evaporation in inches/day) * 1500 = langleys/day
This conversion was performed in order to compare solar 
radiation values and pan evaporation in the same units 
by synoptic weather type.
Table 4.1 contains the values of solar radiation by 
synoptic weather type and Table 4.2 contains the values 
of mean daily pan evaporation. Each table contains 
values expressed in energy units (langleys/day). As was 
the case with the pan evaporation data, there were some 
problems with the lack of data when Borengasser 
determined the mean daily solar radiation levels by 
synoptic weather type. Reviewing the work performed by 
Borengasser, it became apparent that due to the lack of 
data, some of the values of mean daily solar radiation 
by synoptic weather types were not accurate. To improve 
the accuracy of the solar radiation data, three values 
were interpolated. These values were for the month of 
September for Frontal Gulf Return conditions, and for 
the months of October and December for Frontal 
Overrunning conditions. The values were interpolated 
under the assumption of a bell shaped curve for the
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Table 4.1: Mean Daily Solar Radiation by Synoptic Weather
Type, Lake Charles, Louisiana, 1963-1973, 
(adapted from Borengasser, 1974).
SynopticWeatherTypes
Solar Radiation in langleys/day
J P H A M J J A S 0 N D
CH 370 455 540 610 640 620 645 540 520 455 390 340
CR 230 260 530 555 620 590 500 405 440 365 270 235
GR 200 340 365 420 520 580 480 440 455 395 275 210
PGR 170 210 335 385 420 440 370 320 275 210 170 165
POR 135 150 240 330 375 410 415 350 290 250 160 135
GH 370 470 540 550 605 545 535 510 522 440 315 315
PH 320 410 545 650 630 620 400 375 265
GTD 280 430. 475 330 225
Table 4.2: Mean Daily Pan Evaporation by Synoptic Weather
Type in Energy Units, LSU Ben Hur Farm,
Baton Rouge, Louisiana, 1976-1984.
SynopticWeatnerTypes
Pan Evaporation.in langleys/day
J P H A H J J A S 0 N D
CH 180 195 255 360 390 420 360 375 315 255 210 150
CR 135 180 285 300 330 360 360 345 315 255 150 120
GR 120 210 225 315 360 390 345 300 285 240 195 165
PGR 135 135 165 255 240 285 315 240 240 195 165 120
POR 90 120 165 240 240 240 300 285 255 225 150 135
GH 210 240 270 375 345 420 405 315 315 270 225 150
PH 225 240 270 315 375 240 240 240
GTD 255 210 330 255 255 120
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annual regime, and utilizing solar radiation values for 
the months preceding and following the suspect values.
Figures 4.1 through 4.8 are plots for each of the 
eight weather types indicating the annual trends of mean 
daily pan evaporation and mean daily incoming solar 
radiation by months. Each graph clearly indicates a 
high correlation between pan evaporation and solar 
radiation through .the year. Correlation analysis 
indicates a very high correlation for each of the 
weather types (Table 4.3). The highest correlation was 
associated with Gulf Return conditions, while the lowest 
correlation was found to be related to Frontal Gulf 
Return conditions. Correlations were not determined for 
Pacific High or Gulf Tropical Disturbance conditions due 
to the non-continuous nature of these weather types 
through the year. The average correlation of the six 
weather types analyzed was .90, which indicates a strong 
relationship between pan evaporation and solar 
radiation. The fair weather types as a group (CH, CR, 
GR, GH) result in an average correlation of .92, and the 
stormy weather types as a unit (FGR, FOR) result in a 
correlation of .87.
Figure 4.1: CONTINENTAL HIGH: Comparison of Mean











Figure 4.2: COASTAL RETURN: Comparison of Mean
















Figure 4.4: FRONTAL GULF RETURN: Comparison of Mean
Daily solar Radiation to Mean Daily
Pan Evaporation
800 LEGEND






Figure 4.5: FRONTAL OVERRUNINNG: Comparison of Mean









Figure 4.6: GULF HIGH: Comparison of Mean









Figure 4.7: PACIFIC HIGH: Comparison of Mean









Figure 4.8: GULF TROPICAL DISTURBANCE: Comparison












Table 4.3: Correlation of Mean Daily Pan Evaporation
to Mean Daily Solar Radiation by 
Synoptic Weather Type.









Gulf Tropical Disturbance ----
(correlation coefficients significant at 
.01 level)
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RATIOS OF PAN EVAPORATION TO SOLAR RADIATION
An interesting point about Figures 4.1 through 
4.8 is that, in general, the differences between the 
solar radiation curves and the pan evaporation curves 
are relatively consistent through the year except for a 
few cases. It is also interesting to note how the 
distance between the two curves decreases from 
Continental High to Frontal Overrunning, in other words 
from the fair to the stormy weather types. In order to 
examine this more fully, ratios of pan evaporation to 
solar radiation were developed (Table 4.4).
On an annual basis the stormy weather types result 
in the highest average ratios of pan evaporation to 
solar radiation of .78 for Frontal Overrunning and .74 
for Frontal Gulf Return (Table 4.4). The smallest ratio 
was found to be associated with Continental High 
conditions, resulting in an average annual ratio of .56. 
The overall annual average ratio for all of the weather 
types together was .6 6 , which indicates that on the 
average the amount of energy utilized for the 
evaporation of water from an evaporation pan is 
approximatley 66 percent of the amount of energy 
represented by incoming solar radiation.
Table 4.4: Ratios of Pan Evaporation to Solar Radiation
by Synoptic Weather Type.
SynopticWeatherTypes J F M A M J J A S 0 N D MEAN
CH .49 .43 .47 .65 .61 .68 .56 .69 .61 .56 .54 .44 .56
CR .59 .69 .54 .54 .53 .61 .72 .85 .72 .70 .56 .51 .63
GR .60 .62 .62 .75 .69 .67 . .72 .68 .63 .61 .71 .79 .67
PGR .79 .64 .49 .66 .57; .65 .85 .75 .87 .93 .97 .73 .74
POR .67 .80 .69 .73 .64 .59 .72 .81 .88 .90 .94 1.0 .78
GH •57. .51 .50 .68 .57 .77 .76 .62 .63 .61 .71 .48 .62
PH .56 .59 .50 .49 .60 .60 .64 .91 .61
GTD .75 .77 .54 .77 .67 .70
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A plot of the average annual ratios for each of the 
weather types indicates a very interesting pattern, with 
the fair weather types producing an average ratio below 
the overall mean ratio for all weather types, and the 
stormy weather types producing a ratio above the overall 
mean ratio (Figure 4.9). In Figure 4.9 the increase of 
the ratios from Continental High to Frontal Overrunning 
is striking.
Figure 4.10 is a plot illustrating the average 
seasonal ratios for three fair weather types (CH, CR,
GR, GH) and two stormy weather types (FGR, FOR). The 
patterns of the ratios for the fair weather types is 
highest in summer and fall months and then lowest in 
winter for Continental High weather, and lowest in 
spring for Coastal Return and Gulf Return. This 
indicates that for fair weather, the amount of energy 
used for pan evaporation relative to incoming solar 
radiation is greatest during summer months. This 
phenomenon may be related to the fact that during fair 
weather in the summer months, both air and evaporation 
pan water temperatures are higher than during the winter 
months, and less solar energy is needed to heat the 
water and more is available for evaporation. The ratios 
for the cloudy and stormy weather types, on the other 
hand, are highest in the fall and lowest in the spring.
Figure 4.9: Average. Annual Ratios of Pan Evaporation to









Figure 4.10: Mean Seasonal Ratios of Mean Daily Pan Evaporation to Mean Daily Solar 
Radiation by Synoptic Weather Type.
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The minimum ratios in the spring associated with 
the majority of the weather types seems to be related to 
a step increase in mean daily solar radiation values 
during the spring months. There does not appear to be 
as sharp an increase in mean daily pan evaporation 
during the spring period, and thus the result is a 
decrease in the ratio of mean daily pan evaporation to 
mean daily solar radiation. Figures 4.1 to 4.5 
illustrate this point.
Seasonally, the ratios of pan evaporation to solar 
radiation by weather types indicate another interesting 
pattern as illustrated in Figure 4.11. During the 
winter months (December, January, February) the ratios 
increase in a step-like fashion from Continental High to 
Frontal Overrunning. During the spring (March, April, 
May) and summer (June, July, August) months there is a 
similar pattern, however, the ratios are more similar, 
but the stormy types still tend to be associated with 
the highest ratios. In the fall (September, October, 
November) a clear separation is seen between the ratios 
of the fair weather types (CH, CR, GR) and the stormy 
weather types (FGR, FOR), with the stormy weather types 
being associated with the highest ratios of pan 
evaporation to solar radiation for the year.
Figure 4.11: Mean Seasonal Ratios of Mean Daily
Pan Evaporation to Mean Daily Solar 
Radiation by Synoptic Weather Type.
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The step-like increase of the ratios of pan 
evaporation to solar radiation from Continental High to 
Frontal Overrunning is most apparent during fall and 
winter months. The pattern is less apparent during 
summer when the properties of the weather types become 
more similar, resulting in nearly similar ratios of pan 
evaporation to solar radiation.
The pattern of increasing ratios from Continental 
High to Frontal Overrunning, which is strongly evident 
during the fall and winter months, can only be partially 
explained at this time. The increasing ratios from 
Continental High to Frontal Gulf Return are possibly due 
to the increase of air and evaporation pan water 
temperatures from Continental High to Frontal Gulf 
Return. Thus, with increasing temperatures less energy 
is needed to heat the water which results in more of the 
solar radiation being available for evaporation. The 
high ratios of pan evaporation to solar radiation during 
Frontal Overrunning conditions can not be explained as 
easily. This weather type is accompanied by lower air 
and evaporation pan water temperatures, low solar 
radiation and high relative humidity. The average 
properties of this weather type do not indicate any 
explanation as to why the ratio of pan evaporation to 
solar radiation should be so high for this weather type
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condition, and at this time there are no data available 
to study this problem in detail.
Although the step-like increase of the ratios of 
pan evaporation to solar radiation from Continental High 
to Frontal Overrunning can not be fully explained, the 
fact that the ratio varies during differing weather 
conditions is an important and useful finding. The 
results of this analysis provide one explanation as to 
why potential evapotranspiration models do not always 
work well, especially on a daily basis. Most potential 
evapotranspiration models which employ solar radiation 
data to calculate potential evapotranspiration utilize a 
single coefficient to represent the ratio of potential 
evapotranspiration to solar radiation for all weather 
conditions. This analysis clearly shows that the ratio 
of pan evaporation to solar radiation varies from one 
weather type to another, and thus the use of a single 
value to represent the relationship of evaporation or 
potential evapotranspiration to solar radiation for all 
weather conditions limits a model's accuracy. Since the 
ratio of potential evapotranspiration to solar radiation 
varies by weather type, depending upon weather type 
frequencies at a place, one evaporation model may 
perform better than another. Therefore, the evaluation 
of potential evapotranspiration models during different
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weather type conditions should prove useful for proper 
model selection and application.
CHAPTER V
POTENTIAL EVAPOTRANSPIRATION MODEL 
EVALUATION BY SYNOPTIC WEATHER TYPE
Due to the small number o£ evaporation pans and 
lysimeters across the country, evapotranspiration models 
have been developed to estimate evapotranspiration rates 
for agricultural, hydrologic and climatic research. 
Models have been developed for specific locations, and 
then generalized for application to other areas. As the 
models were developed and applied, they were usually 
compared to pan evaporation and lysimeter data to 
evaluate the model's accuracy of estimating 
evapotranspiration.
During different meteorological conditions the 
evapotranspiration processes behave differently and 
evapotranspiration models have not been analyzed by 
weather types. Several potential evapotranspiration 
models are evaluated by synoptic weather types in this 
chapter as an example of the utility of weather types in 
the analysis of evaporation and evapotranspiration. The 
models to be analyzed are the temperature based
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Thornthwaite model, the solar radiation based Jensen- 
Haise model, the van Bavel combination model, and the 
temperature and solar radiation based Turc model. The 
models are analyzed on an average monthly basis by 
synoptic weather types and are evaluated as to 
performance and ability to estimate monthly potential 
evapotranspiration.
The data utilized as inputs for the various models 
include average monthly air temperature, relative 
humidity and wind speed by synoptic weather types, as 
determined by Muller and Willis (1983) for New Orleans. 
Mean daily solar radiation values by synoptic weather 
type developed by Borengasser (1977) for Lake Charles, 
Louisiana are also employed.
The applicability of the mean solar radiation 
values developed by Borengasser for each synoptic 
weather type at Lake Charles to Baton Rouge has already 
been discussed in the previous chapter. The application 
of the synoptic weather type average property data 
published by Muller and Willis for New Orleans is also 
applicable to Baton Rouge. For example, Hilding (1979) 
analyzed the variations of air temperature of 
Continental High and Gulf Return weather types across 
southern Louisiana and found small but systematic
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differences between most locations. For both weather 
types the differences in temperature between Baton Rouge 
and New Orleans on the average were rarely more than 2 
degrees Fahrenheit as illustrated by seasonal examples 
of mean minimum temperature departures in Figures 5.1 
and 5.2. Muller and Wax (1977) plotted annual regimes 
of air temperature during Continental High and Gulf 
Return weather at. New Orleans and Lake Charles (Figure 
5.3). As can be seen in Figure 5.3 the temperature 
differences between each location are small. This 
example indicates that the characteristics of the 
synoptic weather types employed in this analysis do not 
change very much from location to location in southern 
Louisiana and the mean properties of the weather types 
developed by Muller and Willis (1983) for New Orleans 
can be applied to the Baton Rouge area with little 
error.
The data utilized from the Muller and Willis 
publication are air temperature, relative humidity and 
wind speed. Muller and Willis determined annual regimes 
of the weather type properties for 0600 and 1500 CST, 
which represent in general the coolest and warmest 
periods of the day. Average daily temperatures were 
determined assuming that the 0600 CST data represent 
minimum temperatures, and the 1500 CST data represent
Figure 5.1: Seasonal Regime of Minimum Temperature Departures in
Degrees Fahrenheit From Moisant Airport, New Orleans, 
Louisiana, for Continental High Conditions:
(A) January, (B) April, (C) Spring, (D) Summer,
(cross hatch indicates areas with temperatures warmer 
than Moisant Airport), (from Hilding, 1979).
Figure 5.2: Seasonal Regime of Minimum Temperature Departures in
Degrees Fahrenheit From Moisant Airport, New Orleans, 
Louisiana, for Gulf Return Conditions: (A) January,
(B) April, (C) Spring, (D) Summer, (cross hatch 
indicates areas with temperatures warmer than Moisant 
Airport), (from Hilding, 1979).
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Figure 5.3: Annual Regimes o£ Air Temperature During
Continental High and Gulf Return Conditions 
at Hew Orleans and Lake Charles 1971-1974 
(from Muller and Wax, 1977).
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maximum temperatures. The 1500 CST readings, however, 
required some modification. The 1500 CST temperatures 
in summer are often less than an earlier maximum because 
of heavy cloud build up and thundershowers. In order to 
adjust the 1500 CST readings to better represent the 
maximum temperature of the day, a procedure developed by 
Muller and McLaughlin (1985) was employed.
The procedure involves increasing the 1500 CST 
temperatures by 1 degree for fair weather types 
(Continental High, Coastal Return, Gulf Return, Gulf 
High and Pacific High) for the months of October through 
May, and by 4 degrees Fahrenheit for. the months of June 
through September. The maximum temperatures for the 
stormy weather types (Frontal Gulf Return, Frontal 
Overrunning and Gulf Tropical Disturbance) were 
unmodified for the months of October through May, and 
were increased by 2 degrees Fahrenheit for the months of 
June through September. This procedure was originally 
used by Muller and McLaughlin in an analysis of heating 
and cooling degree days in Louisiana and was found to be 
acceptable (Muller and McLaughlin, 1985). The 0600 CST 
temperature values were unchanged from those published 
by Muller and Willis and were used to represent minimum 
temperatures. The modified 1500 CST values and the 0600 
CST values were subsequently averaged to produce annual
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regimes of mean daily temperature for each synoptic 
weather type (Table 5.1).
The relative humidity and wind speed values 
published by Muller and Willis for each weather type 
were utilized unchanged. The 0600 and 1500 CST values 
were simply averaged to derive annual regimes of mean 
daily relative humidity and wind speed values for each 
synoptic weather type (Tables 5.2 and 5.3).
MEAN DAILY POTETIAL EVAPOTRANSPIRATION BY SYNOPTIC 
WEATHER TYPE
After data for air temperature, relative humidity, 
wind speed and solar radiation for each synoptic weather 
type were obtained, it was possible to calculate mean daily 
potential evapotranspiration for each synoptic weather type 
using the four models chosen for this analysis.
Thornthwaite Model
The Thornthwaite model was chosen as an example of 
a temperature based model. The Thornthwaite potential 
evapotranspiration model is calculated as follows:
Table 5.1: Mean Daily Air Temperature by Synoptic
Weather Type in Degrees Fahrenheit,
New Orleans, Louisiana, 1961-1980.
SynopticWeatherTypes
Mean Air Temperature (Degrees Fahrenheit)
J F M A M 3 J A S 0 N . D
CH 43.5 47.5 55.0 63.5 73.5 80.5 83.0 82.0 78.0 67.5 55.5 47.5
CR 56.5 55.0 59.5 68.0 76.5 81.5 82.5 82.0 81.5 73.0 64.5 59.5
GR 67.0 66.5 70.5 74.0 78.0 82.5 82.0 82.0 82.0 76.0 71.0 67.0
PGR 66.5 66.5 70.5 73.5 76.0 80.5 80.5 79.5 79.5 75.5 71.0 68.5
FOR 48.0 50.0 58.5 67.5 72.5 79.5 80.5 80.5 77.0 68.5 58.5 52.5
GH 51.0 53.5 57.5 65.5 76.0 84.0 84.0 83.5 82.0 69.5 59.0 53.5
PH 56.0 55.5 61.5 67.0 74.0 75.5 68.5 60.0 54.5
GTD 74.0 80.0 81.0 81.0 80.0 75.'5 73.0
Table 5.2: Mean Daily Relative Humidity by Synoptic




Mean Relative Humidity (Percent)
J F H A H J J A S 0 N D
CH 61.0 58.5 58.5 62.5 65.5 66.5 71.5 70.0 70.0 65.5 64.5 61.5
CR 75.0 70.0 70.0 69.5 73.5 76.0 79.5 80.5 79.5 76.0 74.5 75.5
GR 82.0 77.0 77.5 78.0 76.5 76.5 80.0 82.5 80.5 76.0 78.0 79.5
FGR 84.5 84.0 83.0 81.5 81.5 80.5 83.0 85.0 83.5 82.0 82.5 84.5
FOR 77.5 73.0 75.0 75.0 77.5 72.0 77.5 78.5 77.5 77.5 79.0 78.5
GH 67.0 67.0 58.0 67.5 72.0 75.0 77.0 78.0 79.0 69.5 70.0 69.5
PH 68.5 63.0 65.0 64.0 69.5 72.0 75.0 72.0 69.5
GTD 84.0 83.0 82.5 81.0 81.0 86.5 83.5
Table 5.3: Mean Daily Wind Speed by Synoptic Weather




Average Wind Speed (Knots)
J F M A M J J A S 0 N D
CH 8.0 8.5 7.5 6.5 6.5 5.0 5.0 5.5 6.0 5.5 6.5 7.0
CR 7.0 6.5 6.0 6.5 5.5 5.0 5.0 4.5 5.0 5.5 5.5 6.0
GR 8.0 8.5 9.0 9.0 8.0 6.0 5.0 5.0 5-5 7.0 7.0 8.5
FGR 8.5 9.0 9.5 9.0 8.0 6.0 4.5 5.0 5.0 6.0 8.5 8.5
FOR 8.5 9.5 8.5 8.0 7.0 5.5 5.5 5.5 6.5 7.5 8.5 8.0
(31 5.5 7.0 7.0 5.0 4.5 5.5 5.0 4.0 3.5 4.0 5.0 5.0
PH 6.5 8.0 7.0 7.0 5.0 7.0 5.0 6.0 7.0
GTD 9.0 6.0 5.5 6.5 9.0 12.0 6.0
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A
PE = 1.6 * (((10*TC*)/I) ) * (N/12) * (1/D)
PE - daily potential evapotranspiration in 
centimeters.
TC - average monthy temperature in degrees 
centigrade.
I - heat index value, calculated from 12 
monthly values of (i).
1.514
i = (TC/5)
A - constant based on heat index-7 3 -5 2
A = ((6.75*10 )*T )-((7.71*10 )*I )
-2
+((1.79*10 )*I)+0.49
N - average number of hours of daylight 
each day for the specific month.
D - number of days in the specific month.
Figure 5.4 and Table 5.4 illustrate the results of 
the Thornthwaite model. The trends indicated by Figure 
5.4 clearly show the problems associated with the 
Thornthwaite method and other temperature based models. 
The evapotranspiration rates are clearly organized by 
temperature, with the warm weather types producing the 
highest values, and the cool weather types resulting in 
the lowest evapotranspiration values. There is no 
separation between fair and stormy weather types, which 
is clearly indicated during the months of October trough 
April. During the summer period, the weather types are 
similar in regards to air temperature and thus modeled 
values of potential evapotranspiration using the
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Figure 5.4: Annual Regimes of Mean Daily Thornthwaite
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Table 5.4: Mean Daily Thornthwaite Modeled Potential
Evapotranspiration by Synoptic Weather Type in Inches.
SynopticWeatherTypes
Mean Daily Thornthwaite Potential Evapotranspiration .Inches)
J P M A M J J A S 0 N D
CH .01 .02 .03 .06 .11 .16 .17 .17 .14 .08 .03 .01
CR .04 .04 .05 .09 .13 .17 .17 .17 .17 .11 .07 .05
GR .08 .08 .10 .12 .14 .18 .17 .17 .17 .13 .10 .08
PGR .08 .08 .10 .12 .13 .16 .16 .15 .15 .12 .10 .08
FOR .01 .02 .04 .08 .11 .15 .16 .16 .14 .08 .04 .02
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Thornthwaite model are similar for all weather types. 
During the winter months, Gulf Return, a fair weather 
type, and Frontal Gulf Return, a stormy weather type, 
result in the highest Thornthwaite potential evapo­
transpiration values due to the relatively warm 
temperatures associated with these weather types during 
the winter period.
Jensen-Haise Model
The Jensen-Haise model is representative of solar 
radiation models. This model is also simple and only 
requires inputs of solar radiation in langleys/day and 
average daily temperature in degrees Fahrenheit:
PE = ((.014*TC)-.37) * RS/600
PE - daily potential evapotranspiration 
in centimeters.
TC - average daily temperature in degrees 
Fahrenheit.
RS - average daily solar radiation in 
in langleys/day.
The results of the Jensen-Haise model are displayed 
in Figure 5.5 and Table 5.5. The results of this model 
are similar to those produced by the analysis of mean 
daily pan evaporation by synoptic weather types. The
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Figure 5.5: Annual Regimes of Mean Daily Jensen-Haise
Modeled Potential Evapotranspiration by









Table 5.5: Mean Daily Jensen-Haise Modeled Potential
Evapotranspiration by Synoptic Weather Type in Inches.
SynopticWeatnerTypes
Mean Daily Jensen-Haise Potential Evapotranspiration <Inches)
J P M A M J J A S 0 N D
CH .05 .08 .12 .18 .24 .27 .29 .24 .22 .15 .09 .06
CR .06 .06 .14 .19 .25 .26 .23 .18 .20 .14 .08 .06
GR .07 .11 .13 .16 .22 .26 .22 .20 .20 .16 .10 .07
PGR .06 .07 .12 .15 .17 .19 .16 .14 .12 .08 .06 .06
FOR .02 .03 .06 .11 .14 .18 .18 .15 .12 .09 .04 .03
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Jensen-Haise potential evapotranspiration rates by 
synoptic weather types appear to be sorted out more 
according to what would be expected, with the fair 
weather types producing the highest values, and the 
stormy weather types the lowest values. This model 
seems to produce better numerical estimates of mean 
daily potential evapotranspiration than does the 
Thornthwaite model, as the values are similar to those 
for mean daily pan evaporation.
van Bavel Model
The van Bavel model is a modification of the Penman 
combination model. This model takes into account both 
energy and aerodynamic relationships.
(Bm/Ga)*(Rn/L)+(Bv*Da)PE  ------------------------
((Bm/(Ga+l))
PE - daily potential evapotranspiration in 
centimeters.
Bm - slope of the saturation vapor pressure curve.
2
Bm = (Alpha * Beta * es)/(TC+Beta)
TC - average daily temperature in 
degrees centigrade.
97
Alpha - if T O O  then Alpha=0.7.27 
if TC<=0 then Alpha=21.88
Beta - if T O O  then Beta=237.3 
if TC<ss0 then Beta=265.5 
(Morton, 1983)
es - saturation vapor pressure in 
millibars.
eslog .= (0.02604*TC)+0.82488 
eslog
es = 10 (Rosenberg, 1974)
Ga - the psychrometric constant, at sea level 
(1013 millibars, Ga~.67).
Rn - net radiation in langleys/day.
Rn = Rs *.75
Rs - solar radiation in langleys/day 
(Rosenberg, 1974).
L - latent heat of vaporization,
(the average annual temperature 
of Baton Rouge, Louisiana, is 
67.5 degrees Fahrenheit; thus, 
L=585), (Smithsonian Meteorological 
Tables).
Bv - van Bavel Correction Factor
2
Bv = .01222*(WND/(Ln(Za/Zo))
WND - wind travel in Km/day.
Za - height of wind measurement in 
centimeters (600 cm used).
Zo - roughness length for surface; a 
grass surface was assumed thus 
Zo=.1 centimeters (Sutton, 
1953).
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Da - vapor pressure deficit in 
millibars.
Da = es - ed
eslog = (.02604 * TC) + .82488 
eslog
es = 10 
ed = es * RH
RH - relative humidity in percent.
The van Bavel equation has been found to work well 
in Louisiana and in other places. The major drawback of 
this model is its inability to fully account for heat 
advection, and the need for many data inputs, some of 
which are difficult to obtain.
Figure 5.6 and Table 5.6 illustrate the results of 
the van Bavel model. The results of this model are 
similar to those of the Jensen-Haise Model due to the 
strong influence of solar radiation in both models; 
however, the van Bavel values are higher than the 
Jensen-Haise values.
Turc Model
The Turc model is based on solar radiation and air 
temperature and is calculated in the following manner:
Figure 5.6: Annual Regimes of Mean Daily van Bavel
Modeled Potential Evapotranspiration by 









Table 5.6: Mean Daily van Bavel Modeled Potential
Evapotranspiration by Synoptic Weather 
Type in Inches.
SynopticWeatherTypes
Heen Daily van Bavel Potential Evapotranspiration (Inches)
J F H A M J J A S 0 N D
CH .13 .17 .20 .23 .27 .27 .27 .24 .23 .19 .15 .13
CR .10 .11 .19 .22 .26 .24 .21 .17 .19 .15 .11 .10
GR .10 .15 .17 .19 .23 .25 .20 .18 .19 .18 .13 .11
FGR .08 .10 .15 .17 .18 .19 .15 .13 .12 .10 .09 .08
FOR .06 .08 .11 .15 .16 .19 .18 .16 .14 .12 .08 .07
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PE = .4*TC*(RS+50)/(TC+15)
PE - daily potential evapotranspiration in 
millimeters.
TC - average daily temperature in 
degrees centigrade.
RS - average daily solar radiation 
in langleys.
The Turc model produced results similar to those of 
the Jensen-Haise and van Bavel models (Figure 5.7 and 
Table 5.7). The Turc estimates are in general lower 
than those of the Jensen-Haise and van Bavel models, and 
in the winter months the trends of the values produced 
by the Turc model are more similar to those produced by 
the Thornthwaite model due to the extreme temperature 
contrasts between the warm and cold weather types during 
these months.
EVALUATION OF POTENTIAL EVAPOTRANSPIRATION MODELS 
BY SYNOPTIC WEATHER TYPES
In order to evaluate the usefulness of each model 
for estimating potential evapotranspiration, a graph was 
made for each of the five primary weather types 
(Continental High, Coastal Return, Gulf Return, Frontal 
Gulf Return and Frontal Overrunning). On each graph the 
results of each model were plotted for comparison to 
each other and for comparison to pan evaporation rates.
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Figure 5.7: Annual Regimes of Mean Daily Turc Modeled
Potential Evapotranspiration by Synoptic









Table 5.7: Mean Daily Turc Modeled Potential
Evapotranspiration by Synoptic Weather 
Type in Inches.
SynopticWeatnerTypes
Mean Daily Turc Potential Evapotranspiration (Inches)
J F M A M J J A S 0 N D
CH .06 .09 .12 .16 .19 .20 .20 .17 .17 .13 .09 .06
CR .06 .07 .13 .16 .19 .19 .16 .13 .15 .11 .08 .06
GR .06 .11 .11 .13 .16 .19 .15 .14 .15 .12 .09 .07
FGR .06 .07 .10 .12 .13 .15 .12 .11 .10 .07 .06 .06
FOR .03 .04 .06 .10 .11 .14 .13 .11 .10 .08 .05 .04
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Since the models estimate potential evapo­
transpiration and not pan evaporation, the pan 
evaporation data were adjusted to more closely represent 
potential evapotranspiration. This was performed by 
multiplying the average raw pan evaporation data by a 
coefficient. The coefficient according to the 
evaporation maps for the United States produced by 
Kohler, Nordensen and Fox (1959) for Lousiana is .76. 
Thus, all of the mean daily pan evaporation values for 
each synoptic weather type were multiplied by .76 for 
comparison with the results of the potential 
evapotranspiration models (Table 5.8).
For each synoptic weather type, correlation 
coefficients and root mean square errors (KMSE) between 
the adjusted pan values and the potential evapo­
transpiration values of each model were determined. 
Correlation coefficients are useful to indicate how 
closely two variables covary with one another, and the 
root mean square error is useful to determine how close 
the values of two variables are. The root mean square 
error in combination with the correlation coefficient 
provides a great deal of information about how two 
variables are related and thus, are useful for model 
evaluation. For example, two variables might co-vary 
together and result in a high correlation coefficient,
Table 5.8: Mean Daily Adjusted Pan Evaporation by
Synoptic Weather Type in Inches, LSU 
Ben Hur Research Farm, Baton Rouge, 
Louisiana, 1976-1984.
SynopticWeatherTypes
Mean Daily Adjusted Pan Evaporation (Inches)
J F M A M J J A S 0 N D
CH .09 .10 .13 .18 .20 .21 .18 .19 .16 .13 .11 .08
CR .07 .09 .14 .15 .17 .18 .18 .17 .16 .13 .08 .06
GR .06 .11 .11 .16 .18 .20 .17 .15 .14 .12 .10 .08
FGR .07 .07 .08 .13 .12 .14 .16 .12 .12 .10 .08 .06
FOR .05 .06 .08 .12 .12 .12 .15 .14 .13 .11 .08 .07
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but their respesctive values might be very different and 
result in a large root mean square error. If a 
comparison of two variables results in a high 
correlation coefficient and a low root mean square 
error, then the two variables are likely to be good 
predictors of one another. Therefore, the model which 
produces potential evapotranspiration values which have 
the highest correlation coefficient and lowest root mean 
square error in relationship to adjusted pan data, 
is the model which best estimates potential 
evapotranspiration for that specific weather type.
Figure 5.8 and table 5.9 illustrate the comparison 
of the models to adjusted pan evaporation data for 
Continental High conditions. For this weather type the 
Turc model visually appears to produce the best fit 
curve, and the statistics support this finding, 
indicating that the Turc model produces one of the 
highest correlation coefficients and a small root mean 
square error. The Thornthwaite model produces the 
lowest correlation coefficent and a large root mean 
square error, which is due to the dependence of the 
Thornthwaite model on temperature, and not solar 
radiation. Continental High weather is very clear with 
high solar raidiation, thus only models dependent on 
solar radiation work well under these conditions.
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Figure 5.8: CONTINENTAL HIGH: Comparison of Mean Daily
Modeled Potential Evapotranspiration as Calculated by the Thornthwaite, 
Jensen-Haise, van Bavel and Turc Models 
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Table 5.9: CONTINENTAL HIGH: Statistical Comparison
of Mean Daily Modeled Potential 
Evapotranspiration as Calculated by the • 
Thornthwaite, Jensen-Haise, van Bavel and 
Turc Models to Mean Daily Adjusted Pan 
Evaporation.
Model CorrelationCoefficient Root Mean Square Error
Thornthwaite .86 .07
Jensen-Haise .95 .05
van Bavel .97 .06
Turc .97 .02
(correlation coefficients significant at.01 level;
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In Figure 5.9 and Table 5.10 the comparison for 
Coastal Return conditions indicates that Jensen-Haise, 
van Bavel and Turc models produce the highest 
correlation coefficients. The Turc model results in the 
lowest root mean square error. The Thornthwaite model 
again produces the lowest correlation coefficient, as 
well as a large root mean square error as do the Jensen- 
Haise and van Bavel models.
Under Gulf Return conditions (Figure 5.10 and Table 
5.11), the Jensen-Haise, van Bavel and Turc models 
result in high correlation coefficients, but the Jensen- 
Haise and van Bavel models result in large root mean 
square errors. The Turc model again results in a small 
root mean square error. As was the case under 
Continental High and Coastal Return conditions the 
Thornthwaite model produces the lowest correlation 
coefficient.
Figure 5.11 and Table 5.12 illustrate the 
comparison under Frontal Gulf Return conditions. The 
Thornthwaite model under these conditions performs well, 
producing a high correlation coefficient and an 
acceptable root mean square error. The van Bavel model 
does not perform as well under these conditions 
producing a relatively low correla-tion coefficient.
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Figure 5.9: COASTAL RETURN: Comparison of Mean Daily
Modeled Potential Evapotranspiration 
as Calculated by the Thornthwaite, 
Jensen-Haise, van Bavel and Turc Models 
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Table 5.10: COASTAL RETURN: Statistical Comparison
of Mean Daily Modeled Potential 
Evapotranspiration as Calculated by the 
Thornthwaite, Jensen-Haise, van Bavel and 
Turc Models to Mean Daily Adjusted Pan 
Evaporation.
Model CorrelationCoefficient Root Mean Square Error
Thornthwaite .85 .04
Jensen-Haise .95 .04
van Bavel .90 .05
Turc .93 .02
(correlation coefficients significant at.01 level)
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Figure 5.10: GULF RETURN: Comparison of Mean Daily
Modeled Potential Evapotranspiration 
as Calculated by the Thornthwaite, 
Jensen-Haise, van Bavel and Tu'rc Models 










Table 5.11: GULF RETURN: Statistical Comparison
of Mean Daily Modeled Potential 
Evapotranspiration as Calculated by the 
Thornthwaite, Jensen-Haise, van Bavel and 
Turc Models to Mean Daily Adjusted Pan 
Evaporation.
Model CorrelationCoefficient Root Mean Square Error
Thornthwaite .85 .02
Jensen-Haise .96 - .04
van Bavel .97 .04
Turc .97 .01
(correlation coefficients significant at.01 level)
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Figure 5.11: FRONTAL GULF RETURN: Comparison of Mean
Daily Modeled Potential Evapotranspiration 
as Calculated by the Thornthwaite, 
Jensen-Haise, van Bavel and Turc Models 
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Table 5.12: FRONTAL GULF RETURN: Statistical Comparison
of Mean Daily Modeled Potential 
Evapotranspiration as Calculated by the 
Thornthwaite, Jensen-Haise, van Bavel and 
Turc Models to Mean Daily Adjusted Pan 
Evaporation.
Model CorrelationCoefficient Root Mean Square Error
Thornthwaite .94 .02
Jensen-Haise .89 .03
van Bavel • CO .03
Turc vO00• • o NJ
(correlation coefficients significant at.01 level)
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Under Frontal Overrunning conditions (Figure 5.12 
and Table 5.13) the Thornthwaite model again performs 
well producing a high correlation coefficient. For this 
weather type all of the models result in similar root 
mean square errors and in high correlation coefficients. 
It is interesting to note that under stormy weather type 
conditions the Thornthwaite model, a temperature based 
model, performs well. This is due to the fact that 
under stormy weather conditions solar radiation is low 
and the main source of energy for evaporation is heat in 
the air, indexed by the air temperature. Thus, models 
based on air temperature such as thei Thornthwaite model 
perform better under these conditions as opposed to fair 
weather conditions.
From the various analyses of potential evapo­
transpiration models by weather types, it is interesting 
to note how the models perform differently for each 
weather type condition. By evaluating potential 
evapotranspiration models by synoptic weather types it 
is possible to see more clearly the strengths and 
weaknesses of the models. For example, in southern 
Louisiana, the Thornthwaite model performs well under 
cloudy, stormy weather conditions; however, under fair 
weather conditions the model does not perform as well.
Ill
Figure 5.12: FRONTAL OVERRUNNING: Comparison of Mean
Daily Modeled Potential Evapotranspiration 
as Calculated by the Thornthwaite, 
Jensen-Haise, van Bavel and Turc Models 
to Mean Daily Adjusted Pan Evaporation in 
Inches per Day.
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Table 5.13: FRONTAL OVERRUNNING: Statistical Comparison
of Mean Daily Modeled Potential 
Evapotranspiration as Calculated by the 
Thornthwaite, Jensen-Haise, van Bavel and 
Turc Models to Mean Daily Adjusted Pan 
Evaporation.
Model CorrelationCoefficient Root Mean Square Error
Thornthwaite .95 .03
Jensen-Haise .93 .03
van Bavel .92 .03
Turc .93 .03
(correlation coefficients significant at.01 level) °
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The van Bavel model, on the other hand, performs well 
especially during fair weather conditions, but produces 
less acceptable results during Frontal Gulf Return 
conditions.
These simple examples clearly illustrate the 
usefulness of synoptic weather types in the evaluation 
and proper application of potential evapotranspiration 
models. More analyses of this type can aid in the 
understanding and application of various models and may 
indicate possible modifications to some models to 
improve performance under specific weather conditions.
CHAPTER VI
POTENITAL EVAPOTRANSPIRATION MODEL ADJUSTMENT 
FOR REGIONAL APPLICATION
Very little pan evaporation data are available in 
most regions, especially during non-growing season 
months. It is also known that raw pan evaporation is 
generally greater than water loss from an open water 
surface, and that raw pan evaporation data need to be 
adjusted to approximate potential evapotranspiration 
(Kohler, Nordensen and Fox, 1955). As illustrated in 
the previous chapter, potential evapotranspiration model 
performance varies according to weather conditions.
Thus, modifications are required to improve the accuracy 
of model estimates when applied under different weather 
conditions and to different regions.
The Thornthwaite potential evapotranspiration 
model is a well known model that uses commonly available 
data, and is employed in many regional environmental 
analyses and inventories. In Louisiana the Thornthwaite 
model has been found to underestimate potential evapo­
transpiration during winter months, and to overestimate 
during summer months (R. A. Muller, Personal
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Communication). In order to overcome some of the 
regional biases of the Thornthwaite model, adjustments 
could be made on a monthly basis, based on the 
relationship of Thornthwaite computed monthly potential 
evapotranspiration to adjusted pan evaporation. The 
coefficients employed to modify the Thornthwaite model 
would be restricted for use to a specific relatively 
homogeneous region, such as southern' Louisiana, and 
would improve performance of the model in that region.
This chapter briefly discusses adjustments to the 
Thornthwaite potential evapotranspiration model in order 
to increase the accuracy of potential evapotranspiration 
estimates in southern Louisiana. Although these 
adjustments do not involve synoptic weather types, they 
are inserted in this dissertation because they improve 
potential evapotranspiration model application to 
southern Louisiana.
Adjustment of Thornthwaite Monthly Potential 
Evapotranspiration in Southern Louisiana
Monthly raw pan evaporation data from the LSU Ben 
Hur Research Farm were obtained for the period of 1971 
to 1980, and were analyzed to produce values of mean 
monthly pan evaporation. These values were then
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adjusted by multiplying by .76 to approximate potential 
evapotranspiration as discussed in the previous chapter 
(Table 6.1).
Monthly mean temperature data from the LSU Ben Hur 
Research Farm were also acquired for the period of 1971 
to 1980. Monthly values of Thornthwaite potential 
evapo-transpiration were then calculated and analyzed to 
produce values of mean monthly potential 
evapotranspiration (Table 6 .1 ).
Figure 6.1 illustrates how the Thornthwaite model 
underestimates adjusted pan evaporation during the 
winter months and overestimates for summer months. The 
ratios of adjusted pan evaporation to Thornthwaite 
estimated potential evapotranspiration are shown in 
Table 6.1. These ratios can be utilized as monthly 
coefficients to adjust the Thornthwaite computed 
potential evapotranspiration values to better represent 
adjusted pan evaporation and potential 
evapotranspiration in southern Louisiana.
In order to test the ratios as monthly coefficients 
for the adjusting of Thornthwaite modeled potential 
evapotranspiration, pan evaporation data from the LSU 
Ben Hur Research Farm for the period of 1981 to 1984
Table 6.1: Mean Monthly Raw Pan Evaporation, Adjusted Pan
Evaporation and Thornthwaite Modeled Potential 
Evapotranspiration in Inches per Month, and Mean 
Monthly Ratios of Adjusted Pan Evaporation to 
Thornthwaite Modeled Potential Evapotranspiration, 
LSU Ben Hur Research Farm, Baton Rouge,
Louisiana, 1971-1980.
J F M A M J J A S 0 N D
Raw Pan Evaporation 2.51 3.57 5.05 6.63 7.28 7.85 7.63 6.93 5.63 5.43 3.56 2.81
Adjusted Pan Evaporation 1.91 2.71 3.84 5.04 5.47 5.97 5.80 5.27 4.28 4.13 2.71 2.14
Thornthwaite Modeled PE 0.71 0.84 2.00 3.09 4.96 6.45 7.02 6.48 5.13 2.94 1.41 0.86





















Figure 6.1: Mean Monthly Adjusted Pan Evaporation vs.
Mean Monthly Thornthwaite Modeled Potential 
Evapotranspiration in Inches per Month,
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were obtained and adjusted for comparison to values of 
modified and unmodified Thornthwaite potential 
evapotranspiration. Figure 6.2 compares adjusted pan 
evaporation data to unmodified values of Thornthwaite 
potential evapotranspiration. As mentioned earlier, the 
unmodified values of Thornthwaite potential 
evapotranspiration are low in the winter and are high 
during the summer months. Figure 6.3 compares adjusted 
pan evaporation data to modified values of Thornthwaite 
potential evapotranspiration. In figure 6.3 it is 
easily seen that in general the modified values of 
Thornthwaite potential evapotranspiration are much 
closer to the values of adjusted pan evaporation than 
are the unmodified values in Figure '6.2. In Figure 6.3 
it is also clear that the underestimation is much less 
during the winter months, and the overestimation is 
reduced during the summer months.
Some extreme deviations are also evident in Figure 
6.3. For example, the values of the modified 
Thornthwaite potential evapotranspiration are high for 
April, 1981, as well as October and December, 1983. 
During these months the average monthly air temperatures 
were higher than normal and thus the computed 
Thornthwaite potential evapotranspiration was high. 
During these months the coefficients used to modifiy the
Figure 6.2: Comparison of Monthly Adjusted Pan Evaporation
to Monthly Thornthwaite Modeled Potential 
Evapotranspiration in Inches per Month,












Figure 6.3: Comparison of Monthly Adjusted Pan Evaporation
to Monthly Adjusted Thornthwaite Modeled Potential 
Evapotranspiration in Inches per Month, LSU Ben Hur 
















data are large, and they have the potential to produce 
large errors when air temperatures are unusually warm.
A statistical analysis supports the use of such 
coefficients to modifiy values of computed potential 
evapotranspiration. The correlation coefficient for the 
comparison of unmodified values of Thornthwaite 
potential evapotranspiration to adjusted pan evaporation 
was .87, with a large root mean square error of 1.37.
In contrast the comparison of modified values of 
Thornthwaite potential evapotranspiration resulted in a 
slightly lower correlation coefficient of .84 due to the 
high values in April, 1981, and October and December, 
1983; however, the root mean square' error was only .87, 
which is more than a third less than the root mean 
square error of the unmodified values.
Therefore, although there is some risk involved 
when average monthly temperatures are greater than 
normal, especially during fall and winter months, the 
application of coefficients to modify values of 
Thornthwaite potential evapotranspiration values is 
useful and results in improved accuracy of modeled 
estimates of potential evapotranspiration. The use of 
these specific coefficients are restricted to southern 
Louisiana, however, their use permits the Thornthwaite
122
potential evapotranspiration model to be better applied 
to that specific area and provides insight as to how 
similar coefficients can be developed for other regions.
CHAPTER VII 
CONCLUSION AND RECOMMENDATIONS
The objectives of this study were: 1), to analyze
pan evaporation by synoptic weather types; 2), to
examine the relationships of pan evaporation to solar 
radiation by synoptic weather type; and 3), to 
investigate the usefulness of synoptic weather types in 
the evaluation of potential evapotranspiration models.
The analysis of pan evaporation by synoptic 
weather types revealed that pan evaporation rates vary 
significantly by weather type conditions. Fair weather 
types are associated with the greatest evaporation rates 
as was expected, and stormy weather types with the 
least. Nevertheless, Frontal Gulf Return and Frontal 
Overrunning conditions were found to be associated with 
greater mean daily pan evaporation rates than had been 
anticipated intuitively, and even Gulf Return conditions 
were found to be associated with a few values that are 
greater than had been anticipated.
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An investigation of the relationship of pan 
evaporation to solar radiation by synoptic weather types 
revealed that the ratio of pan evaporation, expressed in 
energy units, to solar radiation, also varies 
considerably by synoptic weather types. In general it 
was found that the stormy weather types; Frontal Gulf 
Return and Frontal Overrunning, are associated with the 
highest ratios of pan evaporation to solar radiation.
The fair weather types; Continental High, Coastal Return 
and Gulf Return, produced lower ratios, with Continental 
High weather conditions usually associated with the 
lowest ratios. The difference between the ratios of the 
fair weather types and the stormy weather types also 
varies by season. The smallest difference occurs during 
the summer period, while the greatest difference was 
found to occur during the late fall and early winter.
The variation of the ratios of pan evaporation to 
solar radiation identifies one of the problems with 
potential evapotranspiration models. Host models which 
use solar radiation to estimate potential evapo­
transpiration apply a single coefficient to the solar 
radiation data in order to derive estimates of potential 
evapotranspiration. The use of a single coefficient 
does not take into account the variations of the 
relationship between evaporation and solar radiation
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during different weather conditions. The fact that the 
ratio of pan evaporation to solar radiation varies 
during different weather conditions illustrates the 
usefulness of synoptic weather types in the development 
and evaluation of potential evapotranspiration models.
The evaluation of potential evapotranspiration 
models has been discussed by many researchers. However, 
there have been no evaluations of potential evapo­
transpiration models for different weather conditions, 
expressed as weather types. In this study four 
potential evapotranspiration models were analyzed by 
synoptic weather types: 1), the Thornthwaite model,
which represents a well known and universally used 
temperature based model; 2), the van Bavel model, a 
popular combination method model; 3), the Jensen-Haise 
model; and 4), the Turc model, both representing solar 
radiation and temperature based models.
The results of this investigation indicate that the 
various models perform differently under the influence 
of different weather type conditions. For example, the 
Thornthwaite model performs well during Frontal Gulf 
Return since it is a temperature based model and is 
unaffected by the low levels of solar radiation during 
stormy weather. Whereas, the van Bavel model, which is
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dependent on solar radiation to calculate potential 
evapotranspiration, does not perform as well during 
these weather conditions. The opposite is true, 
however, for fair weather types. Thus, the analysis of 
potential evapotranspiration models by synoptic weather 
types not only increases understanding of potential 
evapotranspiration model performance and usefulness, but 
may also aid proper model selection and application. 
Furthermore, evaluation of potential evapotranspiration 
models by synoptic weather types may indicate possible 
modifications to some models to improve performance 
under certain weather conditions.
The results of this research have increased 
understanding of evaporation rates under different 
weather conditions. Further research of the variability 
of pan evaporation and evapotranspiration by synoptic 
weather types will lead to improved potential 
evapotranspiration model evaluation, will aid potential 
evapotranspiration model selection and application, and 
will permit potential evapotranspiration model 
modification for increased performance under certain 
weather conditions. Further research may also offer 
opportunities for the development of potential 
evapotranspiration models based on the variability of 
meteorological variables important to evapotranspiration
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by synoptic weather types, and finally may lead to 
improved water budget and crop models which depend on 
estimates of evapotranspiration.
Improved pan evaporation data could also be 
utilized to produce standard rates of pan evaporation by 
synoptic weather types on a monthly basis, and 
subsequently could be employed as an environmental 
index. These standard values could then be applied to 
various situations and landscapes, with adjustments, to 
account for differences between specific landscapes.
Recently the U.S. Department of Commerce and the 
U.S. Department of Agriculture have begun publishing 
maps of mean daily evaporation rates by weeks for the 
United States in the Weekly Weather and Crop Bulletin. 
The publication of such data is an indication of the 
importance placed on such information by the agri­
cultural community. From the published maps it can be 
seen how evaporation rates vary geographically along the 
same latitude, apparently depending on weather, 
especially cloudiness. The maps suggest that there are 
relationships between synoptic weather types and 
evaporation rates by seasons.
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In December 1985 at a special conference on evapo­
transpiration at the annual meeting of the Amercican 
Society of Agricultural Engineers, researchers discussed 
the usefulness of methods to make regional estimates of 
potential evapotranspiration. Synoptic weather types 
are a viable tool for such research and represent a new 
idea in the development and application of potential 
evapotranspiration models.
It is my opinion that more research is needed 
concerning the usefulness of synoptic weather types in 
the development, evaluation and application of potential 
evapotranspiration models. In order to accomplish this 
there are several areas of■research that require. 
attention. One such area is detailed research to 
explain more fully why the ratios of pan evaporation are 
so large for the stormy weather types relative to the 
fair weather types, and why the ratios vary seasonally 
as they do. Research into this problem would greatly 
increase the present day knowledge about the evaporation 
process.
Another area where more research is required is the 
investigation of daily regimes of pan evaporation by 
synoptic weather types on a seasonal basis. Such an 
analysis could be performed using data from automated
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weather stations now in use across the state of 
Louisiana. An investigation such as this would increase 
understanding of the evaporation process and the 
relationships of pan evaporation to meteorological 
factors.
The results of this analysis have only opened the 
door to the large amount of research which can be 
performed in the area of evaporation and evapotrans- 
piration by synoptic weather types. This type of 
inquiry is new and promising, as evaporation data become 
more available, and the need for improved potential 
evapotranspiration models, that can be applied 
regionally, grows. At this time, six small lysimeters 
are being placed on the LSU Ben Hur Research Farm.
These lysimeters will provide useful data and an 
excellent opportunity for the study of evapotrans­
piration rates by synoptic weather types. Research of 
this type has the potential to greatly increase 
knowledge of evapotranspiration processes and to permit 
the development of improved evapotranspiration models.
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Figure 8.1: Mean Daily Pan Evaporation in Millimeters
During Continental High Conditions, 
LSUBen Hur Research Farm, Baton Rouge, 
Louisiana, 1976-1984.
12- t H,GH 






Table 8.1: Mean Daily Pan Evaporation Statistics
During Continental High Conditions 
(millimeters/day).
j F H A H J J A S 0 N D
KEAN 3.05 3.30 6. 32 6.10 6.60 7.11 6.10 6.35 5.33 6.32 3.56 2.56
HIGH 10.92 10.16 8.66 8.89 11.18 10.67 8.13 9.91 9.65 8.66 8.38 6.35
LOU 0.25 0.76 1.27 1.78 3.05 3.30 6.32 2.56 1.02 0.51 0.25 0.00
RANGE 10.67 9.60 7.37 7.11 8.13 7.37 3.81 7.37 8.66 8.13 8.13 6.35
SID. DEV. 2.29 1.78 1.52 1.52 2.03 1.52 1.27 1.52 1.78 1.52 1.78 1.27
» or obs. 26 30 26 33 36 28 11 22 - 68 85 55 37
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Figure 8.2: Mean Daily Pan Evaporation in Millimeters
During Coastal Return Conditions,
LSU Ben Hur Research Farm/ Baton Rouge/ 
Louisiana, 1976-1984.
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Table 8.2: Mean Daily Pan Evaporation Statistics
During Coastal Return Conditions 
(millimeters/day).
J F H A H J J A S 0 N D
KEAN 2.29 3.05 A.83 5.08 5.59 6.10 6.10 5.BA 5.33 A. 32 2.5A 2.03
HIGH 3.61 5.33 8.38 9.65 9.1A 11.18 10.16 8.89 6.86 3.81 A.06
LOU 0.76 A.06 1.02 0.25 0.51 1.52 2.5A 2.03 2.29 1.52 0.76
RANGE 3.05 1.27 7.37 9.A0 B.6A 9.65 7.62 6.86 A.57 2.29 3.30
STD. DEV. 1.27 0.51 2.03 2.29 1.78 2.03 1.78 1.78 1.52 0.51 1.27
# OF OBS. 3 5 10 26 18 30 A6 • 28 2A 17 5
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Figure 8.3: Mean Daily Pan Evaporation in Millimeters
During Gulf Return Conditions, LSU 
Ben Hur Research Farm, Baton Rouge, Louisiana, 1976-1984.
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Table 8.3: Mean Daily Pan Evaporation Statistics
During Gulf Return Conditions 
(millimeters/day).
j T H A M J J ' A S 0 . N D
KEAN 2.OS 3.56 3.81 5.33 6.10 6.60 5.84 5.08 4.83 4.06 3.30 2.79
HIGH 3.OS 6.10 6.60 8.89 10.92 11.96 9.40 10.16 10.67 • ' 6.86 7.62 6.83
LOU 0.2S 0.51 0.76 2.SA 1.52 1.27 0.51 1.52 1.27 2.29 .0.00 1.02
RANGE 2.79 5.59 5.BA 6.35 9.40 10.67 8.90 9.16 9.60 .4.57 7.62 3.81
SID. DEV. 1.02 1.52 1.52 1.52 2.03 2.03 2.03 1.78 2.03 1.52 2.03 1.02
* or obs. 6 19 A3 37 48 47 38 36 29 19 11 15
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Figure 8.4: Mean Daily Pan Evaporation in Millimeters
During Frontal Gulf Return Conditions, 










Table 8.4: Mean Daily Pan Evaporation Statistics
During Frontal Gulf Return Conditions 
(millimeters/day).
J r N A H J J A S 0 N D
KEAN 2.29 2.29 2.79 4.32 4.06 4.83 5.33 4.06 4.06 3.30 2.79 2.03
HIGH 4.83 3.56 6.60 7.11 7.37 8.38 8.64 7.62 6.35 6.86 6.10 6.10
LOW 0.25 0.25 0.00 0.76 1.78 3.05 0.00 0.51 1.02 1.27 0.51 0.25
RANGE A. 57 3.30 6.60 6.35 5.59 5.33 8.64 7.11 5.33 5.59 5.59 5.84
SID. DEV. 1.52 1.27 2.03 1.78 1.52 1.78 2.29 2.29 1.78 2.03 1.27 1.78
# or OBS. 6 9 9 9 9 13 17 13 10 6 15 9
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Figure 8.5: Mean Daily Fan Evaporation in Millimeters
During Frontal Overrunning Conditions,
LSU Ben Hur Research Farm, Baton Rouge, 
Louisiana, 1976-1984.
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Table 8.5: Mean Daily Pan Evaporation Statistics
During Frontal Overrunning Conditions 
(millimeters/day).
J F H A M J J A S O N D
KEAN 1.52 2.03 2.79 A.06 A.06 A.06 5.08 A.83 A.32 3.81 2.SA 2.29
HIGH A.83 5.08 7.62 8.38 7.62 9.65 6.35 7.11 7.87 6.10 7.11
LOU 0.00 0.00 0.00 0.00 0.76 2.03 2.5A 0.25 0.25 0.25 0.00
RANGE A.83 5.08 7.62 8.38 6.86 7.62 3.81 6.86 7.62 5.BA 7.11
STD. DEV. 1.27 1.27 2.03 2.79 2.29 2.29 1.27 2.03 2.03 1.52 1.78
• OF OBS. . 22 A2 29 1A 7 8 6 21 27 28 31
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Figure 8 .6 : Mean Daily Pan Evaporation in Millimeters
During Gulf High Conditions, LSU Ben 
Hur Research Farm, Baton Rouge,
Louisiana, 1976-1984.
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Table 8 .6 : Mean Daily Pan Evaporation Statistics
During Gulf High Conditions 
(millimeters/day).
J F H A H J J A S 0 N D
KEAN S. 56 4.06 4.57 6.35 5.84 7.11 6.86 5.33 5.33 4.57 3.81 2.54
HIGH A.83 6.35 6.60 9.14 6.86 9.65 9.65 9.40 8.38 5.84 4.32
LOW 2.29 0.51 0.51 4.06 4.32 2.79 2.54 0,25 3.81 3.05 1.52
RANGE 2.54 5.84 6.10 5.08 2.54 6.86 7.11 9.14 4.57 2.79 2.79
SID. DEV. 1.27 1.78 1.78 2.03 0.76 1.78 1.52 2.29 1.27 1.02 1.02
# OF OBS. 2 11 10 . 5 .7 23 58 30 13 6 5
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Figure 8.7: Mean Daily Pan Evaporation in Millimeters
During Pacific High Conditions,











Table 8.7: Mean Daily Pan Evaporation Statistics
During Pacific High Conditions 
(millimeters/day).
3 T H A H J J A S 0 N D
MEAN 3.81 A.06 fc.57 5.33 6.35 6.06 6.06 6.06
HIGH 10.16 8.13 9.60 9.60 6.32 6.10 7.37
LOU 2.79 2.56 3.56 3.56 3.56 2.56 2.29
RADGE 7.37 5.59 5.86 5.86 0.76 3.56 5.08
SID. DEV. 2.29 1.78 1.78 2.29 0.51 1.27 1.78
» OF OBS. 10 10 7 5 2 5 9
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Figure 8.8: Mean Daily Pan Evaporation in Millimeters 
During Gulf Tropical Disturbance 
Conditions, LSU Ben Hur Research Farm/ 
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Table 8 .8 : Mean Daily Pan Evaporation Statistics
During Gulf Tropical Disturbance 
Conditions (millimeters/day).
J r M A M J J A S 0 H D
MEAN A,32 3.56 5.59 A.32 A.32 2.03
HIGH 6.10 9.AO 9.1A 8.13
LOW 0.51 1.78 1.78 1.02
RANGE 5.59 7.62 7.37 7.11
SID. DEV. 1.78 1.78 2.29 1.78
« OF OBS. 1 11 26 13 27 1
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Figure 8.9: Mean Daily Fan Evaporation.by Synoptic
Weather Type in Millimeters, LSU Ben Hur 
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Table 8.9: Mean Daily Pan Evaporation by Synoptic
Weather Type, LSU Ben Hur Research Farm, 
Baton Rouge, Louisiana, 1976-1984 
(millimeters/day).
SynopticHeatherlypaa J T H . A H J J A S 0 II D
CH 3.05 3.30 6.32 6.10 6.60 7.11 6.10 6.35 5.33 6.32 3.56 2.56
at 2.29 3.05 6.83 5.08 5.59 6.10 6.10 5.86 5.33 6.32 2.56 2.03
at 2.03 3.56 3.81 5.33 6.10 6.60 5.86 5.08 6.83 6.06 3.50 2.79
rat 2.29 2.29 2.79 6.32 6.06 6.83 5.33 6.06 6.06 3.30 2.79 2.03
POR 1.52 2.03 2.79 6.06 6.06 6.06 5.08 6.83 6.32 3.81 2.56 2.29
CH 3.56 6.06 6.57 6.35 5.86 7.11 6.86 5.33' 5.33 6.57 3.81 2.56
PH 3.81 6.06 6.57 5.33 6.35 6.06 6.06 6.06
GXD 6.32 3.56 5.59 6.32 6.32 2.03
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Table 8.10: Mean Daily Solar Radiation by Synoptic
Weather Type in Watts/Meter2, Lake Charles, 
Louisiana, 1963-1973 (modified from 
Borengasser, 1977).
SynopticHeatherTypes
Solar Radiation in Watts/meter2
J F H A H J J A S 0 N D
CH 117 218 259 292 307 297 309 259 249 218 187 163
CR 110 125 254 266 297 283 240 194 211 175 129 113
GR 96 163 175 201 249 278 230 211 218 189 132 101
FGR 81 101 161 185 201 211 177 153 132 101 81 79
FOR 65 72 115 158 180 197 199 168 139 120 77 65
.
GH 177 225 259 264 290 261 256 244 250 211 151 151
PH 153 197 261 312 302 297 192 180 127
GTD 134 206 228 158 108
Table 8.11: Mean Daily Pan Evaporation by Synoptic
Weather Type in Watts/Meter2, LSU Ben Hur 




Fan Evaporation in Watts/neter ̂
J F M A H J J A S 0 N D
CH 86 93 122 173 187 201 173 180 151 122 101 72
CR 65 86 137 144 158 173 173 165 151 122 72 58
GR 58 101 108 151 173 187 165 144 137 115 93 79
FGR 65 65 79 122 115 137 151 115 115 93 79 58
FOR 43 58 79 115 115 115 144 137 122 108 72 65
GH 101 115 129 180 165 201 194 151 151 129 108 72
PH 108 115 129 151 180 115 115 115
GTD 122 101 158 122 122 58
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Figure 8.10: Annual Regimes of Mean Daily Thornthwaite
Modeled Potential Evapotranspiration by
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Table 8.12: Mean Daily Thornthwaite Modeled Potential
Evapotranspiration by Synoptic Weather 
Type in Millimeters.
Synoptic
Vuthtriyp«* J T H A H J J A S 0 H D
CH 0.2S 0.51 0.76 1.52 2.79 4.06 4.32 4.32 3.56 2.03 0.76 0.25
CR 1.02 1.02 1.27 2.29 3.30 4.32 4.32 4.32 4.32 2.79 1.78 1.27
CR 2.03 2.03 2.54 3.05 3.56 4.57 4.32 4.32 4.32 3.30 2.54 2.03
FGR 2.03 2.03 2.54 3.05 3.30 4.06 4.06 3.81 3.81 3.05 2.54 2.03
FOR 0.25 0.51 1.02 2.03 2.79 3.81 4.06 4.06 3.56 2.03 1.02 0.51
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Figure 8.11: Annual Regimes of Mean Daily Jensen-Haise
Modeled Potential Evapotranspiration by












Table 8.13: Mean Daily Jensen-Haise Modeled Potential





J r M A M J J A S 0 N . 0
CH 1.27 2.03 3.05 4,57 6.10 6.86 7.37 6.10 5.59 3.81 2.29 1.52,
CR 1.52 1.52 3.56 4.83 6.35 6.60 5.84 4.57 5.08 3.56 2.03 1.52
GR 1.76 2.79 3.30 4.06 5.59 6.60 5.59 5.06 5.08 4.06 2.54 1.76
FGR 1.52 1.78 3.05 3.81 4.32 4.83 4.06 3.56 3.05 2.03 1.52 1.52
FOR 0.51 0.76 1.52 2.79 3.56 4.57 4.57 3.81 3.05 2.29 1.02 0.76
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Figure 8.12: Annual Regimes of Mean Daily van Bavel
Modeled Potential Evapotranspiration by 
Synoptic Weather Type in Millimeters.
LEGEND





J F M A M J J A S O N D
MONTHS
Table 8.14: Mean Daily van Bavel Modeled Potential
Evapotranspiration by Synoptic Weather 
Type in Millimeters.
SynopticVMtharIJipoi J r H A N J J A S 0 M D
CH 3.30 4.32 5.08 5.84 6.86 6.86 6.86 6.20 5.84 4.83 3.82 3.30
CR 2.54 2.79 4.83 5.59 6.60 6.20 5.33 4.32 4.83 3.82 2.79 2.54
CR 2.54 3.82 4.32 4.83 5.84 6.35 5.08 4.57 4.83 4.57 3.30 2.79
FOR 2.03 2.54 3.82 4.32 4.57 4.83 3.82 3.30 3.05 2.54 2.29 2.03
FOR 2.52 2.03 2.79 3.82 4.06 4.83 4.57 4.06 3.56 3.05 2.03 2.78
Figure 8.13: Annual Regimes of Mean Daily Turc Modeled
Potential Evapotranspiration by Synoptic
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Table 8.15: Mean Daily Turc Modeled Potential
Evapotranspiration by Synoptic Weather Type in Millimeters.
Synoptic
Weatherlypee J F H A « J J A S 0 N 0 HEAR
CH 1.52 2.29 3.05 4.06 4.83 5.08 5.08 4.32 4.32 3.30 2.29 1.52 3.56
CR 1.52 1.78 3.30 4.06 4.83 4.83 4.06 3.30 3.81 2.79 2.03 1.52 3.05
CR 1.52 2.79 2.79 3.30 4.06 4.83 3.81 3.56 3.81 3.05 2.29 1.78 3.05
FGR 1.52 1.78 2.54 3.05 3.30 3.81 3.05 2.79 2.54 1.78 1.52 1.52 2.54
FOR 0.76 1.02 1.52 2.54 2.79 3.56 3.30 2.79 2.54. 2.03 1.27 1.02 2.03
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